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PURINONES AS UBIQUITIN-SPECIFIC PROTEASE 1 INHIBITORS

Related Applications

[0001] This application claims the benefit of and priority to U.S. provisional application No.
62/258,162, filed November 20, 2015, the entire contents of which are incorporated herein by

reference in its entirety.

Field of Disclosure

[0002] The present application is directed to inhibitors of ubiquitin-specific protease 1
(USPI1) useful in the treatment of diseases or disorders associated with USP1 enzymes.
Specifically, the application is concerned with compounds and compositions thereof, which
inhibit USP1, methods of treating diseases or disorders associated with USP1, and methods of

synthesis of these compounds.

Background of the Application

[0003] Ubiquitination is a reversible process which involves a family of deubiquitinating
enzymes (DUBs) that regulate a variety of cellular processes by deconjugating ubiquitin from the
substrate. DUBs are encoded by approximately 100 human genes and are classified into six
families, with the largest family being the ubiquitin-specific proteases (USPs) that has more than
50 members. DUBs and their substrate proteins are often deregulated in cancers, supporting the
hypothesis that targeting specific DUB family members may result in antitumor activity through
enhancing the ubiquitination and subsequent degradation of oncogenic substrates and the activity
of other key proteins involved in tumor growth, survival, differentiation and maintenance of the
tumor microenvironment. (Hussain, S.,et. al., “DUBs and cancer: The role of deubiquitinating

enzymes as oncogenes, non-oncogenes and tumor suppressors.” Cell Cycle 8, 1688—1697 (2009))

[0004] USP1 is a cysteine isopeptidase of the USP subfamily of DUBs. (Nijman, S. M. B.,
et al. “The deubiquitinating enzyme USP1 regulates the fanconi anemia pathway. Mol. Cell 17,
331-339 (2005))  Full-length human USPI is composed of 785-amino acids, including a
catalytic triad composed of Cys90, His593 and Asp751. (Villamil, M. A., et al, “Serine
phosphorylation is critical for the activation of ubiquitin-specific protease 1 and its interaction
with WD40-repeat protein UAF1.” Biochem. 51, 9112-9113 (2012)) USP1 is relatively inactive
on its own and full enzymatic activity is achieved only when bound in a heterodimeric complex
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with UAFI1, a cofactor which also binds to and regulates the activity of USP12 and USP46.
(Cohn, M. A., et al., “A UAFI1-Containing Multisubunit Protein Complex Regulates the Fanconi
Anemia Pathway.” Mol. Cell 28, 786797 (2007))

[0005] USP1 deubiquitinates a variety of cellular targets involved in different processes
related to cancer. For example, USP1 deubiquitinates PCNA (proliferating cell nuclear antigen),
a key protein in translesion synthesis (TLS), and FANCD2 (Fanconi anemia group
complementation group D2, a key protein in the Fanconi anemia (FA) pathway. (Nijman, S. M.
B. et al. “The deubiquitinating enzyme USP1 regulates the Fanconi anemia pathway.” Mol. Cell
17, 331-339 (2005); Huang, T. T. et al., “Regulation of monoubiquitinated PCNA by DUB
autocleavage.” Nat. Cell Biol. 8, 339-347 (2006)) These DNA damage response (DDR)
pathways are essential for repair of DNA damage induced by DNA cross-linking agents such as

cisplatin, mitomycin C, diepoxybutane, ionizing radiation and ultraviolet radiation.

[0006] In vivo studies in mouse embryonic fibroblasts (MEFs) from USP1-deficient mice
show increased levels of Ub-PCNA and Ub-FANCD?2 in chromatin, demonstrate impaired
FANCD?2 foci assembly and are defective in homologous recombination repair. Disruption of the
USPI gene in chicken cells (DT40) has been shown to result in DNA crosslinker
hypersensitivity. (Oestergaard, V. H. et al. Deubiquitination of FANCD?2 Is Required for DNA
Crosslink Repair. Mol. Cell 28, 798-809 (2007)) Moreover, depletion of USPI in human cell
lines by siRNA results in elevated Ub-PCNA levels with increased recruitment of DNA
polymerases specialized for translesion synthesis. (Cohn, M. A. et al., “A UAFI-Containing
Multisubunit Protein Complex Regulates the Fanconi Anemia Pathway.” Mol. Cell 28, 786-797
(2007); Huang, T. T. et al., “Regulation of monoubiquitinated PCNA by DUB autocleavage.”
Nat. Cell Biol. 8,339-347 (2006))

[0007] In addition to regulating protein dynamics in DDR pathways, USP1 promotes tumor
stem cell maintenance and radioresistance in glioblastoma via stabilization of ID1 and CHEK1
and plays a role in regulating proliferation and differentiation through deubiquitinating and
stabilizing inhibitors of DNA binding (IDs) that antagonize basic helix-loop-helix (bHLH)
transcription factors. (Lee, J.-K. et al., “USP1 targeting impedes GBM growth by inhibiting stem
cell maintenance and radioresistance.” Neuro. Oncol. 1-11 (2015). doi:10.1093/neuonc/nov091)

shRNA knockdown of USP1 in U20S cells induces cell cycle arrest via ID proteins and shRNA
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knockdown of USPI in 143B human osteosarcoma xenografts inhibits tumor growth result.
(Williams, S. A. et al., “USP1 deubiquitinates ID proteins to preserve a mesenchymal stem cell

program in osteosarcoma.” Cell 146, 918-930 (2011))

[0008] Inhibition of USP1 with small molecule inhibitors therefore has the potential to be a
treatment for cancers and other disorders. For this reason, there remains a considerable need for

potent small molecule inhibitors of USP1.

Summary of the Application

[0009] One embodiment of the application relates to compounds of Formula (I):
Ry Rs
N XN
o=< || y
=
R, N™ >N > x,
I
. = X3
R3 R3 R4 X4
n (n,

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,

stereoisomers, and tautomers thereof,
wherein:
Xj1is CRg or N;
X518 CR7or N;
X31s CRg or N;
X418 CRg or N;

R1is H, -CD3, (Ci-Ce) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl, (C1-Ce) haloalkyl,
(C2-Co) hydroxyalkyl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, and heterocycloalkyl are optionally substituted with one or more substituents
selected from halogen,—OR20, -C(O)R20, -CO2R20, -NR 18R 19, -NR20C(O)R21, -C(O)NR20R21,
-NR20C(O)NR21R22, -NR20S(O):R21, -S(O):NR20R21, -NR20S(0):NR21R22, -S(O):R20,
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-P(O)R20R21, 0x0, and —Si((C1-Cs) alkyl)s;

Rz is (Cs-C14) aryl, heteroaryl, (C3-Cio) cycloalkyl, or heterocycloalkyl, wherein the aryl,

heteroaryl, cycloalkyl, and heterocycloalkyl are substituted with one or more Rio;

Rs3is H, D, (C1-Ce) alkyl, (C1-Ce) haloalkyl, (C1-Cs) hydroxyalkyl, (C1-Cs) aminoalkyl,
heterocycloalkyl, halogen -C(O)OH, -C(O)NHz, or CN;

Rz is H, D, (C1-Cs) alkyl, (Ci-Ce) haloalkyl, (Ci-Ce) hydroxyalkyl, (Ci-Ce) aminoalkyl,
heterocycloalkyl, halogen, -C(O)OH, -C(O)NH2, or CN; or

R3 and Rj3 together with the carbon atom to which they are attached form a
(C3-C7) cycloalkyl ring; R3 and R3 together with the carbon atom to which they are attached form

a heterocycloalkyl ring;

R4 is (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Cs) alkoxy, (Ci-Ce) haloalkyl,
(C1-Co) haloalkoxy, (C3-Cs) cycloalkyl, -O-(Co-C2)-alkylene-(Cs-Cs) cycloalkyl,
heterocycloalkyl, -O-(Co-C»)-alkylene-heterocycloalkyl, halogen, -OH, -NH>, CN,
-C(0)(C1-Cy) alkyl, -C(O)O(C-Cy) alkyl, -NR2oC(0O)O(C-Cs) alkyl, -Si(CH3)3, -SFs,
-S(O)p(C1-Cy)alkyl, -S(O)p(NH)(C1-Cy) alkyl,-NH(C;-Cs) alkyl, -N((C1-Cs) alkyl)a,
-NH-(Co-C2)-alkylene-(Cs-Cs) cycloalkyl, or -NH-(Co-C2)-alkylene-heterocycloalkyl, wherein
the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted with one or more substituents
selected from (C;-Ce) alkyl, (C1-Cs) alkoxy, (Cs-Csg) cycloalkyl, halogen, -OH,

-S(0)(C1-Cy) alkyl, -S(O):(NH)(C1-Cy) alkyl, -SFs, -Si(CH3)3, -NHz, -NH(C1-Cy) alkyl,
-N((C1-Cy) alkyl)2, -C(O)NHz, -C(O)NH(C1-Cy) alkyl, and —C(O)N((Ci-Cs) alkyl).; and the
cycloalkyl, heterocycloalkyl, aryl and heteroaryl are optionally substituted with one or more
substituents selected from (C1-Cs) alkyl, (C1-Cs) haloalkyl, and halogen; or

R4 and X4 together with the atoms to which they are attached form a (Ce-Ci4) aryl ring
optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with the
atoms to which they are attached form a heteroaryl ring optionally substituted with one or more
R17; or R4 and X4 together with the atoms to which they are attached form a (Cs-C7) cycloalkyl
ring optionally substituted with one or more R7; or R4 and X4 on adjacent atoms together with
the atoms to which they are attached form a heterocycloalkyl ring optionally substituted with one

or more Ry7;
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Rs is H, D, (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl, (C1-Cs) alkoxy,
(C1-Co) hydroxyalkyl, (Ci-Cs) haloalkoxy, halogen, (C3-Cs) cycloalkyl, heterocycloalkyl,
-C(O)O(C1-Cy) alkyl, -C(O)(C1-Cy) alkyl, -C(O)NR13R14, -OH, -NH3, CN,

-NH(C;-Cy) alkyl, -N((C1-Cy) alkyl)2 or -NR13C(O)R14; or

R1 and Rs together with the atoms to which they are attached form a heterocycloalkyl
ring;

each Re, R7, Rg, and Ry is independently, at each occurrence, H, D, (Ci-Cs) alkyl,
(C2-Cp) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) alkoxy, (C1-Ce) haloalkyl, (C1-Cs) haloalkoxy,
(C1-Co) hydroxyalkyl, (C3-Cs) cycloalkyl ring, heterocycloalkyl, or halogen, wherein the alkyl is

optionally substituted with one or more (Ci-C¢) alkoxy;

each Rio is independently at each occurrence D, -CD3, (C1-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Ce) alkynyl, (C1-Ce) alkoxy, (C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NR13R14, -NR13C(O)R14,- NR13C(O)NR 3R 14, -C(O)NR 3R 14,
-S(O)pR14, -NR13S(O)pR 14, -S(O)pNR13R14, -CN, —(Co-C2)-alkylene-(Cs-C14) aryl,
—(Co-Cy)-alkylene-heteroaryl, —(Co-C»)-alkylene-(C3-Cs) cycloalkyl,
—(Co-C»)-alkylene-heterocycloalkyl, —O-(Co-Cz2)-alkylene-aryl, —O-(Co-C2)-alkylene-heteroaryl,
—0-(Co-Cy)-alkylene-(C3-Csg) cycloalkyl, or —O-(Co-C2)-alkylene-heterocycloalkyl, wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally substituted with one or more Ry

and the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted with one or more R2; or

two Rioon adjacent atoms together with the atoms to which they are attached form a
(C6-C14) aryl ring optionally substituted with one or more Ri1; or two Rioon adjacent atoms
together with the atoms to which they are attached form a heteroaryl ring optionally substituted
with one or more Ry1; or two Rjoon adjacent atoms together with the atoms to which they are
attached form a (C3-Cs) cycloalkyl ring optionally substituted with one or more Ri1; or two Rio
on adjacent atoms together with the atoms to which they are attached form a heterocycloalkyl
ring optionally substituted with one or more Ri1; or two Rio on the same atom to which they are
attached form a spirocycloalkyl ring optionally substituted with one or more Ri1; or two Ripon
the same atom to which they are attached form a spiroheterocycloalkyl ring optionally

substituted with one or more Rii;

each Ry is independently at each occurrence D, -CDs3, (C1-Cs) alkyl, (C1-Ce) alkoxy,
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(C1-Cs) haloalkyl, (Ci-Ce) haloalkoxy, halogen, CN, -OH, -NH>, -NH(C;-C3) alkyl,

-N((C1-Cy) alkyl)2, -C(O)O(C1-Cy) alkyl, -S(O)q(C1-Cs) alkyl, -C(O)NHz,-C(O)NH(C;-Cy) alkyl,
-C(O)N((C1-Cy) alkyl)z, -NHC(O)(C1-Cy) alkyl, -N((C1-Cas) alkyl )C(O)(Ci-Ca) alkyl,

(C6-Cia4) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
(C3-Cs) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or
more substituents selected from (C1-Ce) alkyl, (C1-Cs) alkoxy, (Ci-Ce) haloalkyl, -C(O)OH,
-C(0)O(C1-Cy) alkyl, -C(O)(C1-Cy) alkyl, -S(O)q(C1-Cy) alkyl, -C(O)NH(C1-C4) alkyl,
-C(O)N((C1-Cy) alkyl)2, -OH, -NHa, -CN, -NH(C;-Cs) alkyl, and -N((C;-C4) alkyl)2; or

two R11 on adjacent atoms together with the atoms to which they are attached form a
heterocycloalkyl ring; or two R11 on adjacent atoms together with the atoms to which they are
attached form a (Cs-Cs) cycloalkyl ring; or two R11 on adjacent atoms together with the atoms to
which they are attached form a (C¢-Ci4) aryl ring; or two Ri1 on adjacent atoms together with the

atoms to which they are attached form a heteroaryl ring; or
two R together with the atom to which they are attached form a C=0;

each Ri2 is independently at each occurrence (C1-Ce) alkoxy, -NR5R s,

-NR5C(O)NR5R 16, -NR15C(O)R16, -NR15S(O)mR 16, or -C(O)NH(C3-Cs) cycloalkyl;
each Ri3 is independently at each occurrence H or (C1-Cy) alkyl;

each R4 is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl,
(C2-Cp) alkynyl, (C1-Ce) haloalkyl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
—(Co-C2)-alkylene-heterocycloalkyl, —(Co-C2)-alkylene-(Cs-Ci4) aryl, or
—(Co-C2)-alkylene-heteroaryl, wherein the alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is optionally substituted with one or more substituents selected from (Ci-Cs4) alkyl
optionally substituted with (C;-Cs) alkoxy, (C;-C4) alkoxy, (Ci-C4) haloalkyl,
(C1-C4) haloalkoxy, (Cs-Ci4) aryl, heteroaryl, halogen, —OH, -NH>, CN, -C(O)NHo,
-C(O)NH(C-Cy) alkyl, -C(O)N((C1-Cy) alkyl)2, -NH(C1-C4) alkyl, and -N((Ci-Cs) alkyl)z; or

Ri3 and R4 together with the nitrogen atom to which they are attached form a
heterocycloalkyl ring optionally substituted with one or more R23;

each Rjs is independently at each occurrence H or (C;-Csy) alkyl;

each Rie is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl,
6
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(C2-Cp) alkynyl, (C2-Ce) haloalkyl, (C3-Cs) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (C;-Cs) alkyl, (C1-C4) alkoxy, (Ci-Cs) haloalkyl,
(C1-Cy) haloalkoxy, and halogen;

each Ri7 is independently at each occurrence (C1-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Cp) alkynyl, (C1-Ce) alkoxy, (C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, —OH, -NHz, or CN;

each Rig and Ry9 is independently at each occurrence H or (C1-C4) alkyl; or

Ris and Ry9 together with the nitrogen atom to which they are attached form a
heterocycloalkyl ring;

each R2o, R21 and R22 is independently at each occurrence H, (C1-C4) alkyl, or

(C6-C1a4) aryl;

each Rz3is independently selected from (Ci-Cs) alkyl, (C1-C4) alkoxy,
(C1-C4) haloalkoxy, halogen, -C(O)(C1-C4) alkyl, -C(O)O(Ci-Cy) alkyl, -C(O)(C3-Cs) cycloalkyl,
-C(O)heterocycloalkyl, —OH, -NHz, and CN, wherein the alkyl and alkoxy are optionally

substituted with one or more substituents selected from (C;-Cs) alkoxy and -OH; or

two R23 on the same atom to which they are attached form a spiroheterocycloalkyl ring;
and

each m, n, p, q, and r is independently O, 1, or 2.

[0009a] Disclosed herein is a compound of Formula (Ia), (Ic), (Im), (Io), (Ip), (Iq). (Ir) or (Tu):

R+
R\1 \N AN N R
NN O | °

A SENA =P
/O/i N U S Ra  Ra %
Rio 3T M), R1o (Io),
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R1
N AN e) 6
O:< | N Re :< | 7
_ N N ~
N N |\ / AN Rs | _
Rio O Rio (Io).
R
N by
RN N
N Rg SN R
6
o~ 1 o~
N N X N N
/®/QIR3 R | X7 e L
R R 4 4 R R X
10 3 (Ip), 10 3 Y™ g,
R-| R\']
N A
N R
o:< 6
S
/ N "R3 / \ | _
10 \ X4
R1o (Ir),or (Iu).

or a pharmaceutically acceptable salt, hydrate, solvate, isotope, stereoisomer, and tautomer
thereof,

wherein:

X418 CRy or N;

R1is H, -CD3, (Ci1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl, (C1-Ce) haloalkyl,
(C2-Co) hydroxyalkyl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, and heterocycloalkyl are optionally substituted with one or more
substituents selected from halogen, -OR2o, -C(O)R20, -CO2R20, -NR18R19, -NR20C(O)R21, -
C(O)NR20R21, -NR20C(O)NR21R22, -NR20S(O):R21, -S(O):NR20R21, -NR20S(O):NR21R22, -
S(O):R20, -P(O)R20R21, 0x0, and —Si((C1-Cy) alkyl)s;

R3is H, D, (C1-Ce) alkyl, (C1-Ce) haloalkyl, (C1-Cs) hydroxyalkyl, (C1-Cs) aminoalkyl,
heterocycloalkyl, halogen -C(O)OH, -C(O)NHa, or CN;
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R3 is H, (C1-Cs) alkyl, (C1-Cs) haloalkyl, (Ci-Cs) hydroxyalkyl, (C1-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN; or

R3 and R3 together with the carbon atom to which they are attached may form a
(C5-C7) cycloalkyl ring; or R3 and R3 together with the carbon atom to which they are
attached may form a heterocycloalkyl ring;

R4 1s (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Cs) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce)
haloalkoxy, (Cs-Csg) cycloalkyl, -O-(Co-C2)-alkylene-(C3-Cs) cycloalkyl, heterocycloalkyl, -
0-(Co-Cy)-alkylene-heterocycloalkyl, halogen, -OH, -NH>, -CN, -C(O)(Ci-

Cy)alkyl, -C(O)O(C1-Cy) alkyl, -NR20C(O)O(C1-C4) alkyl, -Si(CH3)3, -SFs, -S(O),(Cs-
Cy)alkyl, -S(O),(NH)(C-Cy) alkyl,-NH(C-C4) alkyl, -N((C;1-Cy) alkyl)z, -NH-(Co-Ca)-
alkylene-(C3-Cs) cycloalkyl, or -NH-(Co-C2)-alkylene-heterocycloalkyl, wherein the alkyl,
alkenyl, alkynyl, and alkoxy are optionally substituted with one or more substituents selected
from (Ci-Ce) alkyl, (C1-Cs) alkoxy, (C3-Cs) cycloalkyl, halogen, -OH, -S(O)(C1-Cs) alkyl, -
S(O)«(NH)(C;-Cy) alkyl, -SFs, -Si(CH3)3, -NHa, -NH(C;-Cs) alkyl, -N((C-C4)

alkyl)2, -C(O)NHa, -C(O)NH(C;-C4) alkyl, and —C(O)N((C;-C4) alkyl)2; and the cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or more substituents
selected from (C;-Ce) alkyl, (Ci-Cs) haloalkyl, and halogen; or

R4 and X4 together with the atoms to which they are attached may form a (Cs-C14) aryl ring
optionally substituted with one or more R;7; or R4 and X4 on adjacent atoms together with the
atoms to which they are attached may form a heteroaryl ring optionally substituted with one
or more R17; or R4 and X4 together with the atoms to which they are attached may form a
(Cs-C7) cycloalkyl ring optionally substituted with one or more Rj7; or R4 and X4 on adjacent
atoms together with the atoms to which they are attached may form a heterocycloalkyl ring
optionally substituted with one or more Ri7;

each Re¢ and Ry is independently H, D, (C;-Ce) alkyl, (C2-Cs) alkenyl, (C2-Ce) alkynyl, (C-Ce)
alkoxy, (Ci-Ce) haloalkyl, (Ci-Cs) haloalkoxy, (Ci-Ce) hydroxyalkyl, (C3-Cs) cycloalkyl ring,
heterocycloalkyl, or halogen, wherein the alkyl is optionally substituted with one or more
(C1-Ce) alkoxy;

each R is independently at each occurrence D, -CD3, (C1-Ce) alkyl, (C2-Cs) alkenyl, (C2-Ce)
alkynyl, (Ci-Ce) alkoxy, (Ci-Cs) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NRi3R14, -NR13C(O)R14, -

9
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NR13C(O)NR13R14, -C(O)NR13R 14, -S(O)pR14, -NR13S(O)pR14, -S(O)pNR13R 14, -CN, —(Co-
C»2)-alkylene-(Cs-C14) aryl, —(Co-C2)-alkylene-heteroaryl, —(Co-C2)-alkylene-(C3-Csg)
cycloalkyl, —(Co-C2)-alkylene-heterocycloalkyl, —O-(Co-C2)-alkylene-aryl, —O-(Co-Ca)-
alkylene-heteroaryl, —O-(Co-C2)-alkylene-(Cs-Cs) cycloalkyl, or —O-(Co-C2)-alkylene-
heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally
substituted with one or more Ri; and the alkyl, alkenyl, alkynyl, and alkoxy are optionally
substituted with one or more R2; or

two Rioon adjacent atoms together with the atoms to which they are attached may form a (Cs-
Ci4) aryl ring optionally substituted with one or more Ri1; or two Rjo on adjacent atoms
together with the atoms to which they are attached may form a heteroaryl ring optionally
substituted with one or more Ri1; or two Ripon adjacent atoms together with the atoms to
which they are attached may form a (C3-Csg) cycloalkyl ring optionally substituted with one
or more Ryy; or two Ripon adjacent atoms together with the atoms to which they are attached
may form a heterocycloalkyl ring optionally substituted with one or more Rii; or two Rioon
the same atom to which they are attached may form a spirocycloalkyl ring optionally
substituted with one or more Ri1; or two Ripon the same atom to which they are attached
may form a spiroheterocycloalkyl ring optionally substituted with one or more Ri1;

each Ry is independently at each occurrence D, -CDs3, (C1-Ce) alkyl, (C1-Ce) alkoxy, (Ci-Cs)
haloalkyl, (C1-Ce) haloalkoxy, halogen, -CN, -OH, -NH>, -NH(C;-C4) alkyl, -N((C-Cs)
alkyl)z, -C(O)O(C;-Cy) alkyl, -S(O)q(C1-Cas) alkyl, -C(O)NH2,-C(O)NH(C,-Cs)
alkyl, -C(O)N((Ci-C4) alkyl)2, -NHC(O)(C1-Cy) alkyl, -N((Ci-C4) alkyl Y)C(O)(C1-Cy) alkyl,
(C6-Cia) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
(C3-Cs) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one
or more substituents selected from (C;-Ce) alkyl, (C-Cs) alkoxy, (Ci-Ce)
haloalkyl, -C(O)OH, -C(0)O(C:-C4) alkyl, -C(O)(C1-C4) alkyl, -S(O)q(C1-Ca)
alkyl, -C(O)NH(C,-Cs) alkyl, -C(O)N((Ci-C4) alkyl)2, -OH, -NHz, -CN, -NH(C,-Ca) alkyl,
and -N((C;-Cy) alkyl),; or

two Ri1 on adjacent atoms together with the atoms to which they are attached may form a
heterocycloalkyl ring; or two R11 on adjacent atoms together with the atoms to which they

are attached may form a (Cs-Cs) cycloalkyl ring; or two R11 on adjacent atoms together with
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the atoms to which they are attached may form a (Cs-C14) aryl ring; or two R11 on adjacent
atoms together with the atoms to which they are attached may form a heteroaryl ring; or

two Ry together with the atom to which they are attached may form a C=0;

each Rz is independently at each occurrence (C1-Ce) alkoxy, -NR5R16, -NR15sC(O)NR5R 6, -
NRi5C(O)R1s, -NRi15S(0O)mR 16, or -C(O)NH(C3-Cg) cycloalkyl;

each Ri3 is independently at each occurrence H or (C1-Cy) alkyl;

each R4 is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl,
(C1-Co) haloalkyl, —(Co-C»)-alkylene-(C3-Cg) cycloalkyl, —(Co-C»)-alkylene-heterocycloalkyl,
—(Co-C2)-alkylene-(Cs-Ci4) aryl, or —(Co-C2)-alkylene-heteroaryl, wherein the alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is optionally substituted with one or more
substituents selected from (C1-C4) alkyl optionally substituted with (Ci-Cs) alkoxy, (C1-C4)
alkoxy, (Ci-C4) haloalkyl, (C1-C4) haloalkoxy, (Cs-Ci4) aryl, heteroaryl, halogen, —
OH, -NHz, -CN, -C(O)NHz, -C(O)NH(C,-C4) alkyl, -C(O)N((Ci-C4) alkyl)2, -NH(C;-Ca)
alkyl, and -N((C;-Cs) alkyl); or

R13 and Ri4 together with the nitrogen atom to which they are attached may form a
heterocycloalkyl ring optionally substituted with one or more R23;

each Ris is independently at each occurrence H or (C1-Cs) alkyl;

each Rie 1s independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl,
(C2-Co) haloalkyl, (Cs-Cg) cycloalkyl, or —(Co-C»)-alkylene-heteroaryl, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (Ci-Cs) alkyl, (C1-C4) alkoxy, (C1-Cs) haloalkyl,
(C1-C4) haloalkoxy, and halogen;

each Ry7 is independently at each occurrence (Ci-Ce) alkyl, (C2-Cs) alkenyl, (C2-Cs) alkynyl,
(C1-Cp) alkoxy, (C1-Ce) haloalkyl, (C-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl, halogen, —
OH, -NH>, or -CN;

each Rig and Ry i1s independently at each occurrence H or (C1-C4) alkyl; or

Ris and Ry9 together with the nitrogen atom to which they are attached may form a
heterocycloalkyl ring;

each R2o, R21 and R2; is independently at each occurrence H, (C1-C4) alkyl, or (Cs-Ci4) aryl;

each Ra3is independently selected from (Ci-Cs) alkyl, (Ci-C4) alkoxy, (Ci-Cs) haloalkoxy,
halogen, -C(O)(Ci-Cy) alkyl, -C(O)O(C1-C4) alkyl, -C(O)(C3-Cs) cycloalkyl, -
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C(O)heterocycloalkyl, —OH, -NH3, and -CN, wherein the alkyl and alkoxy are optionally
substituted with one or more substituents selected from (Ci-Cs4) alkoxy and -OH; or
two R23 on the same atom to which they are attached may form a spiroheterocycloalkyl ring; and

each m, p, q, and r is independently O, 1, or 2.

[0010] Another aembodiment of the application relates to a method of treating or preventing
a disease or disorder associated with the inhibition of ubiquitin specific protease 1 (USP1). The
method comprises administering to a patient in need of a treatment for diseases or disorders
associated with modulation of ubiquitin specific protease 1 (USP1) an effective amount of a
compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

stereoisomer, or tautomer thereof.

[0011] Another embodiment of the application is directed to a method of inhibiting ubiquitin
specific protease 1 (USP1). The method involves administering to a patient in need thereof an
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautomer thereof.

[0012] Another embodiment of the application relates to a method of treating or preventing
cancer. The method comprises administering to a patient in need of a treatment for cancer an
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautomer thereof.

[0013] Another embodiment of the application relates to a method of treating cancer. The
method comprises administering to a patient in need thereof of a treatment for cancer an
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautomer thereof.

[0014] Another embodiment of the application relates to a method of treating or preventing a
disease or disorder associated with DNA damage. The method comprises administering to a
patient in need of a treatment for diseases or disorders associated with DNA damage an effective
amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,

prodrug, stereoisomer, or tautomer thereof.
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[0015] Another embodiment of the application relates to a method of inhibiting or reducing
DNA repair activity modulated by ubiquitin specific protease 1 (USP1). The method comprises
administering to a patient in need thereof an effective amount of a compound of Formula (I), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

[0015a] Disclosed herein is a pharmaceutical composition comprising, a compound as defined

herein, and a pharmaceutically acceptable carrier.

[0016] Another embodiment of the application is directed to pharmaceutical compositions
comprising a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,
prodrug, stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier. The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[0017] Another embodiment of the present application relates to a compound of Formula (I),
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer

thereof, for use in a method of treating or preventing a disease associated with inhibiting USPI.

[0018] Another embodiment of the present application relates to a compound of Formula (I),
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer

thereof, for use in a method for treating or preventing cancer.

[0019] Another embodiment of the present application relates to a compound of Formula (1),
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, for use in a method of treating or preventing a disease or disorder associated with DNA

damage.

[0020] Another embodiment of the present application relates to a compound of Formula (1),
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, for use in a method of inhibiting or reducing DNA repair activity modulated by ubiquitin

specific protease 1 (USP1).

[0021] Another embodiment of the present application relates to the use of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or
tautomer thereof, in the manufacture of a medicament for treating or preventing a disease

associated with inhibiting USPI.
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[0022] Another embodiment of the present application relates to the use of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof, in the manufacture of a medicament for treating or preventing cancer.

[0023] Another embodiment of the present application relates to the use of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or
tautomer thereof, in the manufacture of a medicament for treating or preventing a disease or

disorder associated with DNA damage.

[0024] Another embodiment of the present application relates to the use of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or
tautomer thereof, in the manufacture of a medicament for inhibiting or reducing DNA repair

activity modulated by ubiquitin specific protease 1 (USP1).

[0025] The present application further provides methods of treating a disease or disorder
associated with modulation of ubiquitin specific protease 1 (USP1) including, but not limited to,
cancer comprising, administering to a patient suffering from at least one of said diseases or
disorder a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,

prodrug, stereoisomer, or tautomer thereof.

[0026] The present application provides inhibitors of USP1 that are therapeutic agents in the
treatment of diseases such as cancer and other disease associated with the modulation of

ubiquitin specific protease 1 (USP1).

[0027] The present application further provides compounds and compositions with an
improved efficacy and safety profile relative to known USP1 inhibitors. The present disclosure
also provides agents with novel mechanisms of action toward USP1 enzymes in the treatment of
various types of diseases including cancer. Ultimately the present application provides the
medical community with a novel pharmacological strategy for the treatment of diseases and

disorders associated with USP1 enzymes.

Detailed Description of the Application

[0028] The present application relates to compounds and compositions that are capable of
inhibiting the activity USP1. The application features methods of treating, preventing or

ameliorating a disease or disorder in which USP1 plays a role by administering to a patient in
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need thereof a therapeutically effective amount of a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.
The methods of the present application can be used in the treatment of a variety of USP1
dependent diseases and disorders by inhibiting the activity of USP1 enzymes. Inhibition of
USP1 provides a novel approach to the treatment, prevention, or amelioration of diseases

including, but not limited to, cancer.

[0029] In a first aspect of the application, the compounds of Formula (I) are described:

R, Rs
N AN
N
o= | A«
R, N N \\>|<2
: = X3
R3 R3 R4 X4
n (D),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs, stereoisomers, and
tautomers thereof, wherein Ri, Rz, R3, Rz, R4, Rs, X1, X2, X3, X4, and n are as described herein

above.

[0030] The details of the application are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used in
the practice or testing of the present application, illustrative methods and materials are now
described. Other features, objects, and advantages of the application will be apparent from the
description and from the claims. In the specification and the appended claims, the singular forms
also include the plural unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this application belongs. All patents and publications

cited in this specification are incorporated herein by reference in their entireties.

Definitions
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[0031] The articles "a" and "an" are used in this disclosure to refer to one or more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, "an element"

means one element or more than one element.

[0032] The term "and/or" is used in this disclosure to mean either "and" or "or" unless

indicated otherwise.

[0033] The term “optionally substituted” is understood to mean that a given chemical moiety
(e.g., an alkyl group) can (but is not required to) be bonded other substituents (e.g., heteroatoms).
For instance, an alkyl group that is optionally substituted can be a fully saturated alkyl chain (i.e.,
a pure hydrocarbon). Alternatively, the same optionally substituted alkyl group can have
substituents different from hydrogen. For instance, it can, at any point along the chain be
bounded to a halogen atom, a hydroxyl group, or any other substituent described herein. Thus
the term “optionally substituted” means that a given chemical moiety has the potential to contain
other functional groups, but does not necessarily have any further functional groups. Suitable
substituents used in the optional substitution of the described groups include, without limitation,
halogen, oxo, -OH, -CN, -COOH, -CH2CN, -O-(C;-Cs) alkyl, (C1-Cs¢) alkyl, Ci-Cs alkoxy,
(C1-Co) haloalkyl, Ci-Cg haloalkoxy, -O-(C2-Ce) alkenyl, -O-(C2-Cs) alkynyl, (C2-C¢) alkenyl,
(C2-Ce) alkynyl, -OH, -OP(O)(OH)2, -OC(0O)(C;-Cs) alkyl, -C(O)(C;-Cs) alkyl,

-OC(0)O(C1-Ce) alkyl, -NHz, -NH((C1-Ce) alkyl), -N((C1-Cs) alkyl)2, -NHC(O)(C1-Cs) alkyl,
-C(O)NH(C1-Ce) alkyl, -S(0O)2(C1-Cs) alkyl, -S(O)NH(C1-Cs) alkyl, and S(O)N((C1-Ce) alkyl)a.
The substituents can themselves be optionally substituted. “Optionally substituted” as used

herein also refers to substituted or unsubstituted whose meaning is described below.

[0034] As used herein, the term “substituted” means that the specified group or moiety bears
one or more suitable substituents wherein the substituents may connect to the specified group or
moiety at one or more positions. For example, an aryl substituted with a cycloalkyl may indicate
that the cycloalkyl connects to one atom of the aryl with a bond or by fusing with the aryl and

sharing two or more common atoms.

[0035] As used herein, the term “unsubstituted” means that the specified group bears no

substituents.

[0036] Unless otherwise specifically defined, the term "aryl" refers to cyclic, aromatic

hydrocarbon groups that have 1 to 3 aromatic rings, including monocyclic or bicyclic groups
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such as phenyl, biphenyl or naphthyl. Where containing two aromatic rings (bicyclic, etc.), the
aromatic rings of the aryl group may be joined at a single point (e.g., biphenyl), or fused (e.g.,
naphthyl). The aryl group may be optionally substituted by one or more substituents, e.g., 1 to 5
substituents, at any point of attachment. Exemplary substituents include, but are not limited to,
-H, -halogen, -O-(C;-Cs) alkyl, (C;-Cs) alkyl, -O-(C2-Cs) alkenyl, -O-(C2-Cs) alkynyl,
(C2-Cg) alkenyl, (C2-Cs) alkynyl, -OH, -OP(O)(OH)2, -OC(0O)(Ci-Cs) alkyl, -C(O)(C1-Cs) alkyl,
-OC(0)O(Ci-Ce) alkyl, NH2, NH((Ci-Cs) alkyl), N((C1-Cs) alkyl)z, -S(O)2-(C1-Cs) alkyl,
-S(O)NH(Ci-C¢) alkyl, and S(O)N((Ci-Ces) alkyl),. The substituents can themselves be
optionally substituted. Furthermore when containing two fused rings the aryl groups herein
defined may have an unsaturated or partially saturated ring fused with a fully saturated ring.
Exemplary ring systems of these aryl groups include, but are not limited to, phenyl, biphenyl,
naphthyl, anthracenyl, phenalenyl, phenanthrenyl, indanyl, indenyl, tetrahydronaphthalenyl,
tetrahydrobenzoannulenyl, and the like.
[0037] Unless otherwise specifically defined, "heteroaryl" means a monovalent monocyclic
aromatic radical of 5 to 24 ring atoms or a polycyclic aromatic radical, containing one or more
ring heteroatoms selected from N, O, or S, the remaining ring atoms being C. Heteroaryl as
herein defined also means a bicyclic heteroaromatic group wherein the heteroatom is selected
from N, O, or S. The aromatic radical is optionally substituted independently with one or more
substituents described herein. Examples include, but are not limited to, furyl, thienyl, pyrrolyl,
pyridyl, pyrazolyl, pyrimidinyl, imidazolyl, isoxazolyl, oxazolyl, oxadiazolyl, pyrazinyl, indolyl,
thiophen-2-yl, quinolyl, benzopyranyl, isothiazolyl, thiazolyl, thiadiazole, indazole,
benzimidazolyl, thieno[3,2-b]thiophene, triazolyl, triazinyl, imidazo[1,2-b]pyrazolyl, furo[2,3-
c]pyridinyl, imidazo[1,2-a]pyridinyl, indazolyl, pyrrolo[2,3-c]pyridinyl, pyrrolo[3,2-c]pyridinyl,
pyrazolo[3,4-c]pyridinyl, thieno[3,2-c]pyridinyl, thieno[2,3-c]pyridinyl, thieno[2,3-b]pyridinyl,
benzothiazolyl, indolyl, indolinyl, indolinonyl, dihydrobenzothiophenyl, dihydrobenzofuranyl,
benzofuran,  chromanyl, thiochromanyl, tetrahydroquinolinyl,  dihydrobenzothiazine,
dihydrobenzoxanyl, quinolinyl, isoquinolinyl, 1,6-naphthyridinyl, benzo[de]isoquinolinyl,
pyrido[4,3-b][1,6]naphthyridinyl, thieno[2,3-b]pyrazinyl, quinazolinyl, tetrazolo[1,5-a]pyridinyl,
[1,2,4]triazolo[4,3-a]pyridinyl, isoindolyl, pyrrolo[2,3-b]pyridinyl, pyrrolo[3,4-b]pyridinyl,
pyrrolo[3,2-b]pyridinyl,  imidazo[5,4-b]pyridinyl,  pyrrolo[1,2-a]pyrimidinyl, tetrahydro
pyrrolo[1,2-a]pyrimidiny], 3,4-dihydro-2H-1A%-pyrrolo[2,1-b]pyrimidine, dibenzo[b,d]
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thiophene, pyridin-2-one, furo[3,2-c]pyridinyl, furo[2,3-c]pyridinyl, 1H-pyrido[3,4-b][1,4]
thiazinyl, benzooxazolyl, benzoisoxazolyl, furo[2,3-b]pyridinyl, benzothiophenyl, 1,5-
naphthyridinyl, furo[3,2-b]pyridine, [1,2,4]triazolo[1,5-a]pyridinyl, benzo [1,2,3]triazolyl,
imidazo[ 1,2-a]pyrimidinyl, [1,2,4]triazolo[4,3-b]pyridazinyl, benzo[c][1,2,5]thiadiazolyl,
benzo[c][1,2,5]oxadiazole, 1,3-dihydro-2H-benzo[d]imidazol-2-one, 3,4-dihydro-2H-pyrazolo
[1,5-b][1,2]oxazinyl, 4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyridinyl, thiazolo[5,4-d]thiazolyl,
imidazo[2,1-b][1,3,4]thiadiazolyl, thieno[2,3-b]pyrrolyl, 3H-indolyl, and derivatives thereof.
Furthermore when containing two fused rings the aryl groups herein defined may have an
unsaturated or partially saturated ring fused with a fully saturated ring. Exemplary ring systems
of these heteroaryl groups include indolinyl, indolinonyl, dihydrobenzothiophenyl,
dihydrobenzofuran, chromanyl, thiochromanyl, tetrahydroquinolinyl, dihydrobenzothiazine, 3,4-

dihydro-1H-isoquinolinyl, 2,3-dihydrobenzofuran, indolinyl, indolyl, and dihydrobenzoxanyl.
[0038] Halogen or “halo” refers to fluorine, chlorine, bromine, or iodine.

[0039] Alkyl refers to a straight or branched chain saturated hydrocarbon containing 1-12
carbon atoms. Examples of a (Ci-Ce) alkyl group include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl, and

isohexyl.

[0040] “Alkoxy” refers to a straight or branched chain saturated hydrocarbon containing 1-
12 carbon atoms containing a terminal “O” in the chain, i.e., -O(alkyl). Examples of alkoxy
groups include, without limitation, methoxy, ethoxy, propoxy, butoxy, t-butoxy, or pentoxy

groups.

[0041] “Alkenyl” refers to a straight or branched chain unsaturated hydrocarbon containing
2-12 carbon atoms. The “alkenyl” group contains at least one double bond in the chain. The
double bond of an alkenyl group can be unconjugated or conjugated to another unsaturated
group. Examples of alkenyl groups include ethenyl, propenyl, n-butenyl, iso-butenyl, pentenyl,
or hexenyl. An alkenyl group can be unsubstituted or substituted. Alkenyl, as herein defined,

may be straight or branched.

[0042] “Alkynyl” refers to a straight or branched chain unsaturated hydrocarbon containing

2-12 carbon atoms. The “alkynyl” group contains at least one triple bond in the chain.
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Examples of alkenyl groups include ethynyl, propargyl, n-butynyl, iso-butynyl, pentynyl, or
hexynyl. An alkynyl group can be unsubstituted or substituted.

[0043] The term “alkylene” or “alkylenyl” refers to a divalent alkyl radical. Any of the
above mentioned monovalent alkyl groups may be an alkylene by abstraction of a second
hydrogen atom from the alkyl. As herein defined, alkylene may also be a Ci-Cs alkylene. An
alkylene may further be a Ci-C4 alkylene. Typical alkylene groups include, but are not limited
to, -CHz-, -CH(CH3)-, -C(CH3)2-, -CH2CH:-, -CH2CH(CH3)-, -CH2C(CH3)2-, -CH2CH2CHz-,
-CH2CH>CH>CHz>-, and the like.

[0044] The term ‘“aminoalkyl” as used herein refers to an alkyl group, as defined herein,
which is substituted one or more amino. Examples of aminoalkyl groups include, but are not

limited to, aminomethyl, diaminomethyl, aminoethyl, 1,2-aminoethyl, etc.

[0045] “Cycloalkyl” means monocyclic or polycyclic saturated carbon rings (e.g., fused,
bridged, or spiro rings) containing 3-18 carbon atoms (e.g., C3-Cio). Examples of cycloalkyl

groups include, without limitations, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycloheptanyl, cyclooctanyl, norboranyl, norborenyl, bicyclo[2.2.2]octanyl, or
bicyclo[2.2.2]octenyl.
[0046] “Heterocyclyl” or “heterocycloalkyl” means monocyclic or polycyclic rings (e.g.,

fused, bridged, or spiro rings) containing carbon and heteroatoms taken from oxygen, nitrogen,
or sulfur and wherein there is not delocalized & electrons (aromaticity) shared among the ring
carbon or heteroatoms. The heterocycloalkyl can be a 3-, 4-, 5-, 6-, 7-, 8-, 9- 10-, 11-, or 12-
membered ring. The heterocycloalkyl ring structure may be substituted by one or more
substituents. The substituents can themselves be optionally substituted. Examples of
heterocyclyl rings include, but are not limited to, oxetanyl, azetadinyl, tetrahydrofuranyl,
tetrahydropyranyl, pyrrolidinyl, oxazolinyl, oxazolidinyl, thiazolinyl, thiazolidinyl, pyranyl,
thiopyranyl, tetrahydropyranyl, dioxalinyl, piperidinyl, morpholinyl, thiomorpholinyl,
thiomorpholinyl S-oxide, thiomorpholinyl S-dioxide, piperazinyl, azepinyl, oxepinyl, diazepinyl,
tropanyl, oxazolidinonyl, and homotropanyl. In accordance with the present application, 3- to
10- membered heterocyclyl refers to saturated or partially saturated non aromatic rings structures
containing between 3 and 10 atoms in which there is at least one heteroatoms selected from the

group N, O, or S.
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[0047] The term ‘“hydroxyalkyl” means an alkyl group as defined above, where the alkyl
group is substituted with one or more -OH groups. Examples of hydroxyalkyl groups include

HO-CH;-, HO-CHz-CH>- and CH3-CH(OH)-.

[0048] The term “haloalkyl” as used herein refers to an alkyl group, as defined herein, which
is substituted one or more halogen. Examples of haloalkyl groups include, but are not limited to,

trifluoromethyl, difluoromethyl, pentafluoroethyl, trichloromethyl, etc.

[0049] The term ‘“haloalkoxy” as used herein refers to an alkoxy group, as defined herein,
which is substituted one or more halogen. Examples of haloalkyl groups include, but are not

limited to, trifluoromethoxy, difluoromethoxy, pentafluoroethoxy, trichloromethoxy, etc.

[0050] The term “cyano” as used herein means a substituent having a carbon atom joined to

a nitrogen atom by a triple bond, i.e., C=N.

[0051] The term “amine” as used herein refers to primary (R-NHz, R # H), secondary (R»-
NH, Rz # H) and tertiary (R3-N, R # H) amines. A substituted amine is intended to mean an

amine where at least one of the hydrogen atoms has been replaced by the substituent.

[0052] The term “amino” as used herein means a substituent containing at least one nitrogen
atom. Specifically, NHz, -NH(alkyl) or alkylamino, -N(alkyl): or dialkylamino, amide-,

carbamide-, urea, and sulfamide substituents are included in the term “amino”.

[0053] The term “dialkylamino™ as used herein refers to an amino or NH» group where both
of the hydrogens have been replaced with alkyl groups, as defined herein above, i.e., -N(alkyl)a.
The alkyl groups on the amino group can be the same or different alkyl groups. Example of
alkylamino groups include, but are not limited to, dimethylamino (i.e., -N(CH3)2), diethylamino,
dipropylamino, diiso-propylamino, di-n-butylamino, di-sec-butylamino, di-tert-butylamino,

methyl(ethyl)amino, methyl(butylamino), etc.
[0054] The term “oxo” as used herein refers to an “=0" group.

[0055] “Spirocycloalkyl” or “spirocyclyl” means carbogenic bicyclic ring systems with both
rings connected through a single atom. The ring can be different in size and nature, or identical
in size and nature. Examples include spiropentane, spriohexane, spiroheptane, spirooctane,
spirononane, or spirodecane. One or both of the rings in a spirocycle can be fused to another

ring carbocyclic, heterocyclic, aromatic, or heteroaromatic ring. One or more of the carbon
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atoms in the spirocycle can be substituted with a heteroatom (e.g., O, N, S, or P). A (C3-C12)
spirocycloalkyl is a spirocycle containing between 3 and 12 carbon atoms. One or more of the

carbon atoms can be substituted with a heteroatom.

[0056] The term “spiroheterocycloalkyl” or “spiroheterocyclyl” is understood to mean a
spirocycle wherein at least one of the rings is a heterocycle (e.g., at least one of the rings is

furanyl, morpholinyl, or piperadinyl).

[0057] The term "solvate" refers to a complex of variable stoichiometry formed by a solute
and solvent. Such solvents for the purpose of the application may not interfere with the
biological activity of the solute. Examples of suitable solvents include, but are not limited to,
water, MeOH, EtOH, and AcOH. Solvates wherein water is the solvent molecule are typically
referred to as hydrates. Hydrates include compositions containing stoichiometric amounts of

water, as well as compositions containing variable amounts of water.

[0058] The term "isomer" refers to compounds that have the same composition and
molecular weight but differ in physical and/or chemical properties. The structural difference
may be in constitution (geometric isomers) or in the ability to rotate the plane of polarized light
(stereoisomers). With regard to stereoisomers, the compounds of Formula (I) may have one or
more asymmetric carbon atom and may occur as racemates, racemic mixtures and as individual

enantiomers or diastereomers.

[0059] The disclosure also includes pharmaceutical compositions comprising an effective
amount of a disclosed compound and a pharmaceutically acceptable carrier. Representative
"pharmaceutically acceptable salts" include, e.g., water-soluble and water-insoluble salts, such as
the acetate, amsonate (4,4-diaminostilbene-2,2-disulfonate), benzenesulfonate, benzonate,
bicarbonate, bisulfate, bitartrate, borate, bromide, butyrate, calcium, calcium edetate, camsylate,
carbonate, chloride, citrate, clavulariate, dihydrochloride, edetate, edisylate, estolate, esylate,
fumerate, fiunarate, gluceptate, gluconate, glutamate, glycollylarsanilate, hexafluorophosphate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide,
isothionate, lactate, lactobionate, laurate, magnesium, malate, maleate, mandelate, mesylate,
methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N-methylglucamine
ammonium salt, 3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate (1,1-methene-bis-

2-hydroxy-3-naphthoate,  einbonate),  pantothenate, = phosphate/diphosphate,  picrate,
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polygalacturonate, propionate, p-toluenesulfonate, salicylate, stearate, subacetate, succinate,
sulfate, sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate

salts.

[0060] A "patient" or “subject” is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat,

horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus.

[0061] An "effective amount” when used in connection with a compound is an amount

effective for treating or preventing a disease in a subject as described herein.

[0062] The term "carrier", as used in this disclosure, encompasses carriers, excipients, and
diluents and means a material, composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in carrying or transporting a
pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of the

body of a subject.

[0063] The term "treating" with regard to a subject, refers to improving at least one symptom
of the subject's disorder. Treating includes curing, improving, or at least partially ameliorating

the disorder.

[0064] The term "disorder" is used in this disclosure to mean, and is used interchangeably

with, the terms disease, condition, or illness, unless otherwise indicated.

[0065] The term "administer", "administering", or "administration" as used in this disclosure
refers to either directly administering a disclosed compound or pharmaceutically acceptable salt
of the disclosed compound or a composition to a subject, or administering a prodrug derivative
or analog of the compound or pharmaceutically acceptable salt of the compound or composition
to the subject, which can form an equivalent amount of active compound within the subject's

body.

[0066] The term "prodrug,” as used in this disclosure, means a compound which is

convertible in vivo by metabolic means (e.g., by hydrolysis) to a disclosed compound.

[0067] The term "cancer" includes, but is not limited to, the following cancers:
adrenocortical carcinoma, AIDS-related lymphoma, AIDS-related malignancies, anal cancer,
cerebellar astrocytoma, extrahepatic bile duct cancer, bladder cancer, osteosarcoma/malignant

fibrous histiocytoma, brain stem glioma, ependymoma, visual pathway and hypothalamic
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gliomas, breast cancer, bronchial adenomas/carcinoids, carcinoid tumors, gastrointestinal
carcinoid tumors, carcinoma, adrenocortical, islet cell carcinoma, primary central nervous system
lymphoma, cerebellar astrocytoma, cervical cancer, chronic lymphocytic leukemia, chronic
myelogenous leukemia, clear cell sarcoma of tendon sheaths, colon cancer, colorectal cancer,
cutaneous t-cell lymphoma, endometrial cancer, ependymoma, esophageal cancer, Ewing's
sarcoma/family of tumors, extracranial germ cell tumors, extragonadal germ cell tumors,
extrahepatic bile duct cancer, eye cancers, including intraocular melanoma, and retinoblastoma,
gallbladder cancer, gastrointestinal carcinoid tumor, ovarian germ cell tumor, gestational
trophoblastic tumor, hairy cell leukemia, head and neck cancer, Hodgkin's disease,
hypopharyngeal cancer, hypothalamic and visual pathway glioma, intraocular melanoma,
Kaposi's sarcoma, laryngeal cancer, acute lymphoblastic leukemia, acute myeloid leukemia, liver
cancer, non-small cell lung cancer, small cell lung cancer, non-Hodgkin's lymphoma,
Waldenstrom's macroglobulinemia, malignant mesothelioma, malignant thymoma,
medulloblastoma, melanoma, intraocular melanoma, merkel cell carcinoma, metastatic squamous
neck cancer with occult primary, multiple endocrine neoplasia syndrome, multiple
myeloma/plasma cell neoplasm, mycosis fungoides, myelodysplastic syndrome, chronic
myelogenous leukemia, myeloid leukemia, multiple myeloma, myeloproliferative disorders,
nasal cavity and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, oral cancer, oral
cavity and lip cancer, oropharyngeal cancer, osteosarcoma/malignant fibrous histiocytoma of
bone, ovarian cancer, ovarian low malignant potential tumor, pancreatic cancer, paranasal sinus
and nasal cavity cancer, parathyroid cancer, penile cancer, pheochromocytoma, pituitary tumor,
pleuropulmonary blastoma, prostate cancer, rectal cancer, renal cell (kidney) cancer, transitional
cell cancer (e.g., renal pelvis and ureter), retinoblastoma, rhabdomyosarcoma, salivary gland
cancer, malignant fibrous histiocytoma of bone, soft tissue sarcoma, sezary syndrome, skin
cancer, small intestine cancer, stomach (gastric) cancer, supratentorial primitive neuroectodennal
and pineal tumors, cutaneous t-celllymphoma, testicular cancer, malignant thymoma, thyroid
cancer, gestational trophoblastic tumor, urethral cancer, uterine sarcoma, vaginal cancer, vulvar
cancer, and Wilms' tumor. In a preferred embodiment, the cancer is a non-small cell lung cancer.
[0068] In any of the embodiments of the application, the cancer can be any cancer in any
organ, for example, a cancer is selected from the group consisting of glioma, thyroid carcinoma,
breast carcinoma, small-cell lung carcinoma, non-small-cell carcinoma, gastric carcinoma, colon
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carcinoma, gastrointestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS
carcinoma, ovarian carcinoma, endometrial carcinoma, prostate carcinoma, renal carcinoma,
anaplastic large-cell lymphoma, leukemia, multiple myeloma, mesothelioma, and melanoma, and

combinations thereof.

[0069] The present application relates to compounds or pharmaceutically acceptable salts,
hydrates, solvates, prodrugs, stereoisomers, or tautomers thereof, capable of inhibiting USP1,
which are useful for the treatment of diseases and disorders associated with modulation of a
USP1 enzyme. The application further relates to compounds, or pharmaceutically acceptable
salts, hydrates, solvates, prodrugs, stereoisomers, or tautomers thereof, which are useful for

inhibiting USP1.

[0070] In one embodiment, the compounds of Formula (I) have the structure of Formula (Ia):

F\:1
N A
N Re

o~ 1

N N AN

Rj' P

R1 0 R3 R4 X4

(Ta),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,

stereoisomers, and tautomers thereof.

[0071] In another embodiment, the compounds of Formula (I) have the structure of Formula

(Ib):
R
\
AN
N Rs
o~ 1

N N AN
R —

10 R, X

(Ib),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,

stereoisomers, and tautomers thereof.
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[0072] In one embodiment, the compounds of Formula (I) have the structure of Formula (Ic)

or (Id):

R1

04 S f%

(Ic), or R10 (1d),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs, stereoisomers, and

tautomers thereof.

[0073] In another embodiment, the compounds of Formula (I) have the structure of Formula

(Ie), Formula (If), Formula (Ig), or Formula (Th):

R\’1

N XN R

o~ 1 _ o;<f/ :

2 N ~ N N |\

Rig:,

10/ O R, X4/ R1o R X4/ i
(Te), (1),

F\\)1 R\’1
N A
N Rg N SN
= o~ T K
~ —
s N %
Rio7:. = R \ —
R, X 10\@ RS X
(Ig), or (Ih),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,

stereoisomers, and tautomers thereof.
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[0074] In another embodiment, the compounds of Formula (I) have the structure of Formula

(Ix), Formula (Ij), Formula (Ik), or Formula (Iz):

R1o (Ix), Rio (@),

Rio/:. \ R, X4/ R10\<\> RE X

R1o (IK), or R1o (Iz),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,

stereoisomers, and tautomers thereof.

[0075] In another embodiment, the compounds of Formula (I) have the structure of Formula

(Im) or Formula (Io):

R1
\
N N R6
o~ 1
R3' b7
R10/®/%?3 Ri Xy
(Im), or (To),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,
stereoisomers, and tautomers thereof, wherein R3 is (Ci-Cg) alkyl, (Ci-Ce) haloalkyl, (C;-Ce)
hydroxyalkyl, (C;-Ce) aminoalkyl, heterocycloalkyl, -C(O)OH, -C(O)NH2, or CN.
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[0076] In another embodiment, the compounds of Formula (I) have the structure of Formula

(Ip), Formula (Iq), Formula (Ir), or Formula (Iu):
R
\ 1

N

R:1
N N
N Rg ~N R
O:<N | N N O:<Nj|\/\/ S
N
\ 'Rz | ~ - R3 |
R‘]O R3 R4 X4 (Ip). R10 R3 R4 X

~
4
(Ig),
N XN
o~ T I T
% I
N "R N
10 / - ’ /(>/L X“/
’\
R1o (Ir),or (Tw),

and pharmaceutically acceptable salts, hydrates, solvates, isotopes, prodrugs,
stereoisomers, and tautomers thereof, wherein R3 is (C1-Cs) alkyl, (Ci-Ce) haloalkyl,

(C1-Co) hydroxyalkyl, (Ci-Cs) aminoalkyl, heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN.
[0077] In some embodiments of the Formulae above:

R is H, (Ci-Ce) alkyl, (C2-Cs) alkenyl, (C2-Cs) alkynyl, (Ci-Ce) haloalkyl,
(C1-C¢) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl, alkynyl, and
heterocycloalkyl are optionally substituted with one or more substituents selected from halogen,
—OR2p, -C(O)R20, -CO2R20, -NR8R19, -NR20C(O)R21, -C(O)NR20R21, -NR20C(O)NR21R22,
-NR20S(O):R21, -S(O):NR20R21, -NR20S(O):NR21R22, -S(O):R20, -P(O)R20R21, and
=Si((Ci-Cy) alkyl)s;

R2 is (Cs-Cig) aryl, heteroaryl, (C3-Cio) cycloalkyl, heterocycloalkyl, wherein the aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl are substituted with one or more Rjo;

R3 is H, D, (C-Cs) alkyl, (C1-Cs) haloalkyl, (C-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, halogen -C(O)OH, -C(O)NHo, or CN;
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R3 is H, (Ci-Ce) alkyl, (Ci-Ce) haloalkyl, (Ci-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN; or

R3 and Rz together with the carbon atom to which they are attached may form a
(C3-C7) cycloalkyl ring; R3 and R3 together with the carbon atom to which they are attached may

form a heterocycloalkyl ring;

R4 is (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (C1-Ce) alkoxy, (Ci-Ce) haloalkyl,
(C1-Co) haloalkoxy, (C3-Cs) cycloalkyl, -O-(Co-C»2)-alkylene-(C3-Cg) cycloalkyl, halogen,
—OH, -NH», CN, -C(O)(C1-Cy) alkyl, -NH(Ci-Cs) alkyl, or -N((C1-C4) alkyl)2, wherein the alkyl,
alkenyl, alkynyl, and alkoxy are optionally substituted with one or more substituents selected
from (Ci-Ce) alkyl, (Ci-C¢) alkoxy, (C3-Cs) cycloalkyl,-OH, -NHa, -NH(Ci-Cs) alkyl,
and -N((C1-Cy) alkyl),; or

R4 and X4 together with the atoms to which they are attached may form a (C¢-Ci4) aryl
ring optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with
the atoms to which they are attached may form a heteroaryl ring optionally substituted with one
or more Ry7; or R4 and X4 together with the atoms to which they are attached may form a
(Cs-C7) cycloalkyl ring optionally substituted with one or more Ri7; or R4 and X4 on adjacent
atoms together with the atoms to which they are attached may form a heterocycloalkyl ring

optionally substituted with one or more Ri7;

Rs is H, (Ci-Cy) alkyl, (C2-Cs) alkenyl, (C2-Cs) alkynyl, (Ci-Cs) alkoxy,
(C1-C4) hydroxyalkyl, (Ci-C4) haloalkoxy, halogen, (C3-Cs) cycloalkyl, heterocycloalkyl,
-OH, -NHaz, CN, -NH(C;-Cy) alkyl, -N((C1-C4) alkyl)2 or -NR13C(O)R14;
each Re, R7, Rg, and Ro is independently, at each occurrence, H, (C1-Ce) alkyl,
(C2-Ce) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) alkoxy, (C1-Ce) haloalkyl, (C1-Cs) haloalkoxy,
(C1-Co) hydroxyalkyl, or halogen, wherein the alkyl is optionally substituted with one or more
(C1-Ce) alkoxy;

each Rio is independently at each occurrence (C1-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Co) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NRi3R14, -NR3C(O)R14,- NR13C(O)NR3R 14, -C(O)NR 3R 14,
-S(O)pR14, -NR13S(O)pR 14, -S(O)pNR13R14, -CN, —(Co-C2)-alkylene-(Cs-Ci4) aryl,
—(Co-C2)-alkylene-heteroaryl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
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—(Co-C»)-alkylene-heterocycloalkyl, —O-(Co-Cz2)-alkylene-aryl, —O-(Co-Cz)-alkylene-heteroaryl,
—0-(Co-Cp)-alkylene-(C3-Cs) cycloalkyl, or —O-(Co-C2)-alkylene-heterocycloalkyl, wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally substituted with one or more Ry

and the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted with one or more R2; or

two Rioon adjacent atoms together with the atoms to which they are attached may form a
(C6-Cis) aryl ring optionally substituted with one or more Rii; or two Rio on adjacent atoms
together with the atoms to which they are attached may form a heteroaryl ring optionally
substituted with one or more Ri1; or two Rio on adjacent atoms together with the atoms to which
they are attached may form a (C3-Csg) cycloalkyl ring optionally substituted with one or more
Ri1; or two Ry on adjacent atoms together with the atoms to which they are attached may form a
heterocycloalkyl ring optionally substituted with one or more Ri1; or two Rio on the same atom
to which they are attached may form a spirocycloalkyl ring optionally substituted with one or
more Ri;; or two Rjo on the same atom to which they are attached may form a

spiroheterocycloalkyl ring optionally substituted with one or more Ri;

each Ry is independently at each occurrence (C1-Cs) alkyl, (Ci-Cs) alkoxy,
(C1-Co) haloalkyl, (C;-Ce) haloalkoxy, halogen, CN, -OH, -NHz, -NH(C;-C4) alkyl,
-N((C1-Cy) alkyl)z, -C(O)O(C1-Cy) alkyl, -S(0)q(C1-Cs) alkyl, -C(O)NH»,-C(O)NH(C-Cs) alkyl,
-C(O)N((C1-Cy) alkyl)z, -NHC(O)(C1-Cy) alkyl, -N((Ci-Cas) alkyl )C(O)(Ci-Ca) alkyl,
(C6-Ci4) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
(C3-Cs) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or
more substituents selected from (C;-Ce) alkyl, (Ci-Cs) alkoxy, (Ci-Ce) haloalkyl, -C(O)OH,
-C(0)O(C1-Cy) alkyl, -C(O)(C1-Cy) alkyl, -S(O)q(C1-Cs) alkyl, -C(O)NH(C;-C4) alkyl,
-C(O)N((C1-Cy) alkyl)z, -OH, -NH>, -CN, -NH(C;-C4) alkyl, and -N((C;-C4) alkyl),; or

two Ri1 on adjacent atoms together with the atoms to which they are attached may form a
heterocycloalkyl ring; or two Ri; on adjacent atoms together with the atoms to which they are
attached may form a (Cs-Cs) cycloalkyl ring; or two Ri1 on adjacent atoms together with the
atoms to which they are attached may form a (Cs-Ci4) aryl ring; or two Ri1 on adjacent atoms

together with the atoms to which they are attached may form a heteroaryl ring; or
two R11 together with the atom to which they are attached may form a C=0;

each Rz is independently at each occurrence (C1-Ce) alkoxy, -NR5R s,
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-NR5C(O)NR5R 16, -NR15C(O)R16, -NR15S(O)mR 16, or -C(O)NH(C3-Cs) cycloalkyl;
each Rj3 is independently at each occurrence H or (C-Cs) alkyl;

each R4 is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl,
(C2-Ce) alkynyl, (C1-Ce) haloalkyl, —(Co-C»)-alkylene-(C3-Cs) cycloalkyl,
—(Co-C2)-alkylene-heterocycloalkyl, —(Co-C2)-alkylene-(Cs-Ci4) aryl, or
—(Co-Cy)-alkylene-heteroaryl, wherein the alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is optionally substituted with one or more substituents selected from (C;-C4) alkyl
optionally substituted with (Ci-Cs) alkoxy, (C1-C4) alkoxy, (Ci-C4) haloalkyl,
(C1-C4) haloalkoxy, (Cs-Cis) aryl, heteroaryl, halogen, -OH, -NH, CN, -C(O)NHo,
-C(O)NH(C1-Cy) alkyl, -C(O)N((C1-Cs) alkyl)2, -NH(C1-C4) alkyl, and -N((C1-C4) alkyl)2; or

Ri3 and Ri4 together with the nitrogen atom to which they are attached may form a

heterocycloalkyl ring optionally substituted with one or more R»3;
each Rjs is independently at each occurrence H or (C-Csy) alkyl;

each Rie 1s independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl,
(C2-Cp) alkynyl, (C2-Cs) haloalkyl, (C3-Cs) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (C;-Cs) alkyl, (C1-C4) alkoxy, (Ci-C4) haloalkyl,
(C1-C4) haloalkoxy, and halogen;

each Ri7 is independently at each occurrence (C1-Ce) alkyl, (C2-Ce) alkenyl,
(C2-Cp) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, —OH, -NHaz, or CN;

each Ris and Ry9 is independently at each occurrence H or (C1-Cas) alkyl; or

Ris and Rj9 together with the nitrogen atom to which they are attached may form a

heterocycloalkyl ring;

each Rzo, R21 and R2; is independently at each occurrence H, (C-Cs4) alkyl, or

(C6-C14) aryl;

each Ro3 is independently selected from (Ci-Cs) alkyl, (C1-C4) alkoxy,
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(C1-C4) haloalkoxy, halogen, -C(O)(C1-C4) alkyl, -C(O)O(C;-C4) alkyl, -C(O)(Cs-Csg) cycloalkyl,
-C(O)heterocycloalkyl, —OH, -NHz, and CN, wherein the alkyl and alkoxy are optionally

substituted with one or more substituents selected from (C;-Cs) alkoxy and -OH; or

two R23 on the same atom to which they are attached may form a spiroheterocycloalkyl

ring; and
each m, n, p, q, and r is independently O, 1, or 2.
[0078] In some embodiments of the Formulae above:

R is H, (Ci-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Ce) haloalkyl,
(C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl, alkynyl, and
heterocycloalkyl are optionally substituted with one or more substituents selected from halogen,
—OR2p, -C(O)R20, -CO2R20, -NR8R19, -NR20C(O)R21, -C(O)NR20R21, -NR20C(O)NR21R22,
-NR20S(O):R21, -S(O):NR20R21, -NR20S(O):NR21R22, -S(O):R20, -P(O)R20R21, and
=Si((C1-C4) alkyl)s

R2 is (Ce-C1a) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the aryl,

heteroaryl, cycloalkyl, and heterocycloalkyl are substituted with one or more Rjo;

R3 is H, (Ci-Ce) alkyl, (Ci-Ce) haloalkyl, (Ci-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN;

R3 is H, (Ci-Ce) alkyl, (Ci-Ce) haloalkyl, (Ci-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN; or

R3 and Rj3 together with the carbon atom to which they are attached form a
(C3-C7) cycloalkyl ring; R3 and Rz together with the carbon atom to which they are attached form

a heterocycloalkyl ring;

R4 1s (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl,
(C1-Cp) haloalkoxy, (C3-Cs) cycloalkyl, halogen, —OH, -NH>, CN, -C(O)(C;-Cs) alkyl,
-NH(C1-Cy) alkyl, or -N((C1-Cs) alkyl), wherein the alkyl, alkenyl, alkynyl, and alkoxy are
optionally substituted with one or more substituents selected from (C;-Ce) alkyl, (Ci-Ce) alkoxy,
(C3-Cg) cycloalkyl, -OH, -NH;, -NH(C;-C4) alkyl, and -N((C;-Cs) alkyl); or
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R4 and X4 together with the atoms to which they are attached form a (Ces-Ci4) aryl ring
optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with the
atoms to which they are attached form a heteroaryl ring optionally substituted with one or more
Ri7; or R4 and X4 together with the atoms to which they are attached form a (Cs-C7) cycloalkyl
ring optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with
the atoms to which they are attached form a heterocycloalkyl ring optionally substituted with one

or more Ri7;
Rs is H;

each Re, R7, Rg, and Ry is independently, at each occurrence, H, (C1-Ce) alkyl,
(C2-Cp) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) alkoxy, (C1-Ce) haloalkyl, (C1-Cs) haloalkoxy,
(C1-Co) hydroxyalkyl, or halogen, wherein the alkyl is optionally substituted with one or more
(C1-Cp) alkoxy;

each Rio is independently at each occurrence (C1-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Cp) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NR13R14, -NR13C(O)R14,- NR13C(O)NR 3R 14, -C(O)NR 3R 14,
-S(O)pR14, -NR13S(O)pR 14, -S(O)pNR13R14, -CN, —(Co-C2)-alkylene-(Cs-Ci4) aryl,
—(Co-Cy)-alkylene-heteroaryl, —(Co-C»)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —O-(Co-C2)-alkylene-aryl, —O-(Co-C2)-alkylene-heteroaryl,
—0-(Co-Cy)-alkylene-(C3-Cg) cycloalkyl, or —O-(Co-C2)-alkylene-heterocycloalkyl, wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally substituted with one or more Ri:

and the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted with one or more R2; or

two Ripon adjacent atoms together with the atoms to which they are attached form a
(C6-Cis) aryl ring optionally substituted with one or more Rii; or two Rio on adjacent atoms
together with the atoms to which they are attached form a heteroaryl ring optionally substituted
with one or more Riy; or two Rio on adjacent atoms together with the atoms to which they are
attached form a (Cs-C7) cycloalkyl ring optionally substituted with one or more Rii; or two Rio
on adjacent atoms together with the atoms to which they are attached form a heterocycloalkyl
ring optionally substituted with one or more Ri1; or two Rio on the same atom to which they are

attached form a spirocycloalkyl ring optionally substituted with one or more Ri1; or two Rio on
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the same atom to which they are attached form a spiroheterocycloalkyl ring optionally

substituted with one or more Rii;

each Ry is independently at each occurrence (C1-Cs) alkyl, (Ci-Cs) alkoxy,
(C1-Co) haloalkyl, (Ci-Ce) haloalkoxy, halogen, CN, -OH, -NHz, -NH(C;-C4) alkyl,
-N((C1-Cy) alkyl)2, -C(O)O(C1-Cy) alkyl, -S(O)q(C1-Cy) alkyl, -C(O)NHz,-C(O)NH(C1-Cy) alkyl,
-C(O)N((C1-Cy) alkyl)z, -NHC(O)(C1-Cy) alkyl, -N((C1-Cas) alkyl )C(O)(C1-Ca) alkyl,
(C6-C14) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
(C3-Cs) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or
more substituents selected from (C;-Ce) alkyl, (C1-Cs) alkoxy, (Ci-Ce) haloalkyl, -C(O)OH,
-C(0)O(C1-Cy) alkyl, -C(O)(C1-Cy) alkyl, -S(O)q(C1-Cy) alkyl, -C(O)NH(C1-C4) alkyl,
-C(O)N((C1-Cy) alkyl), -OH, -NH>, -CN, -NH(C-C4) alkyl, and -N((C;-C4) alkyl),; or

two Ri1 on adjacent atoms together with the atoms to which they are attached form a
heterocycloalkyl ring; or two Ri1 on adjacent atoms together with the atoms to which they are
attached form a (Cs-Cs) cycloalkyl ring; or two Ri1 on adjacent atoms together with the atoms to
which they are attached form a (C¢-C14) aryl ring; or two Ri1 on adjacent atoms together with the

atoms to which they are attached form a heteroaryl ring; or
two Ry together with the atom to which they are attached form a C=0;

each Ri2 is independently at each occurrence (C1-Ce) alkoxy, -NR5R s,

-NR15C(O)NRi5R 16, -NR15C(O)R16, -NR15S(O)mR 16, or -C(O)NH(C3-Cs) cycloalkyl;
each Ri3 is independently at each occurrence H or (C1-Cy) alkyl;

each Ri4 is independently at each occurrence H, (C1-Cs) alkyl, (C2-Cs) alkenyl,
(C2-Cp) alkynyl, (C1-Ce) haloalkyl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —(Co-C2)-alkylene-(Cs-Ci4) aryl, or
—(Co-Cz)-alkylene-heteroaryl, wherein the alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is optionally substituted with one or more substituents selected from (C;-C4) alkyl
optionally substituted with (Ci-Cs) alkoxy, (C1-C4) alkoxy, (Ci-C4) haloalkyl,
(C1-C4) haloalkoxy, (Cs-Ci4) aryl, heteroaryl, halogen, —OH, -NH>, CN, -C(O)NHz,
-C(O)NH(C-Cy) alkyl, -C(O)N((C1-Cy) alkyl)2, -NH(C;-Cy) alkyl, and -N((C;-C4) alkyl),; or

33

139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

Riz and Ris together with the nitrogen atom to which they are attached form a

heterocycloalkyl ring optionally substituted with one or more R23;
each Ris is independently at each occurrence H or (C1-Cs) alkyl;

each Ri¢ is independently at each occurrence H, (Ci-Cs) alkyl, (C2-Ce) alkenyl,
(C2-Cp) alkynyl, (C2-Cs) haloalkyl, (C3-Cs) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (Ci-Ca) alkyl, (C1-C4) alkoxy, (C1-Cs) haloalkyl,
(C1-C4) haloalkoxy, and halogen;

each Ry7 is independently at each occurrence (C;-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Co) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, —OH, -NHa, or CN;

each Rig and Ry is independently at each occurrence H or (C1-C4) alkyl; or

Rigs and Ry together with the nitrogen atom to which they are attached form a

heterocycloalkyl ring;
each Rao, R21, and Ry; is independently at each occurrence H or (Ci-Cs) alkyl;

each Ra3is independently selected from (Ci-Cs) alkyl, (C1-C4) alkoxy,
(C1-Cy) haloalkoxy, halogen, -C(O)(C1-C4) alkyl, -C(O)O(C;-Cy) alkyl, -C(O)(C3-Cs) cycloalkyl,
-C(O)heterocycloalkyl, —OH, -NH»>, and CN, wherein the alkyl and alkoxy are optionally

substituted with one or more substituents selected from (C;-Cs) alkoxy and -OH; or

two Rz3 on the same atom to which they are attached form a spiroheterocycloalkyl ring;

and
each m, n, p, g, and r is independently O, 1, or 2.
[0079] In some embodiments of the Formulae above:

R1 is H, (Ci-Cs) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Cs) haloalkyl,
(C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl, alkynyl, and
heterocycloalkyl are optionally substituted with one or more substituents selected from halogen,
—OR20, -C(O)R20, -CO2R20, -NR 18R 19, -NR20C(O)R21, -C(O)NR20R21, -NR20C(O)NR21R22,
-NR20S(O):R21, -S(O):NR20R21, -NR20S(O):NR21R22, -S(O):R20, -P(O)R20R21, and
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=Si((C1-Cy) alkyl)s

R2 is (Ce-Cia) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the aryl,

heteroaryl, cycloalkyl, and heterocycloalkyl are substituted with one or more Rio;

R3 is H, (Ci-Ce) alkyl, (Ci-Ce) haloalkyl, (Ci-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH2, or CN;

R3 is H, (Ci-Ce) alkyl, (Ci-Ce) haloalkyl, (Ci-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NH>, or CN; or

R3 and Rj3 together with the carbon atom to which they are attached form a
(C3-C7) cycloalkyl ring; R3 and Rz together with the carbon atom to which they are attached form
a heterocycloalkyl ring;

R4 is (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl,
(C1-Cp) haloalkoxy, (C3-Cs) cycloalkyl, halogen, —OH, -NH>, CN, -C(O)(C;-Cs) alkyl,
-NH(C;-Cs) alkyl, or -N((C1-Cs) alkyl)2, wherein the alkyl, alkenyl, alkynyl, and alkoxy are
optionally substituted with one or more substituents selected from (C;-Ce) alkyl, (Ci-C¢) alkoxy,
(C3-Cs) cycloalkyl, -OH, -NH3, -NH(C-C4) alkyl, and -N((C:-Cs) alkyl)z; or

R4 and X4 together with the atoms to which they are attached form a (Ces-Ci4) aryl ring
optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with the
atoms to which they are attached form a heteroaryl ring optionally substituted with one or more
R17; or R4 and X4 together with the atoms to which they are attached form a (Cs-C7) cycloalkyl
ring optionally substituted with one or more Ri7; or R4 and X4 on adjacent atoms together with
the atoms to which they are attached form a heterocycloalkyl ring optionally substituted with one

or more Ri7;
Rsis H;

each Re, R7, Rg, and Ry is independently, at each occurrence, H, (C1-Ce) alkyl,
(C2-Cp) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) alkoxy, (C1-Ce) haloalkyl, (C1-Cs) haloalkoxy,
(C1-Co) hydroxyalkyl, or halogen, wherein the alkyl is optionally substituted with one or more
(C1-Ce) alkoxy;

each Rio is independently at each occurrence (C1-Ce) alkyl, (C2-Ce) alkenyl,
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(C2-Co) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NRi3R14, -NR13C(O)R14,- NR13C(O)NR3R14, -C(O)NR 3R 14,
-S(O)pR14, -NR13S(O)pR 14, -S(O)pNR13R 14, -CN, —(Co-C2)-alkylene-(Cs-Ci4) aryl,
—(Co-Cy)-alkylene-heteroaryl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —O-(Co-C2)-alkylene-aryl, —O-(Co-C2)-alkylene-heteroaryl,
—0-(Co-Cp)-alkylene-(C3-Cs) cycloalkyl, or —O-(Co-C2)-alkylene-heterocycloalkyl, wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally substituted with one or more Ry

and the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted with one or more Ri2; or

two Rioon adjacent atoms together with the atoms to which they are attached form a
(C6-Cis) aryl ring optionally substituted with one or more Rii; or two Rio on adjacent atoms
together with the atoms to which they are attached form a heteroaryl ring optionally substituted
with one or more Ri1; or two Rio on adjacent atoms together with the atoms to which they are
attached form a (Cs-C7) cycloalkyl ring optionally substituted with one or more Ri; or two Rio
on adjacent atoms together with the atoms to which they are attached form a heterocycloalkyl
ring optionally substituted with one or more Ri1; or two Rio on the same atom to which they are
attached form a spirocycloalkyl ring optionally substituted with one or more Rii; or two Rio on
the same atom to which they are attached form a spiroheterocycloalkyl ring optionally

substituted with one or more Riy;

each Ry is independently at each occurrence (Ci-Ce) alkyl, (C1-Cs) alkoxy,
(C1-Co) haloalkyl, (Ci-Ce) haloalkoxy, halogen, CN, -OH, -NHz, -NH(C;-C4) alkyl,
-N((C1-Cy) alkyl)z, -C(O)O(C1-Cy) alkyl, -S(0)q(Ci-Cs) alkyl, -C(O)NH2,-C(O)NH(C-C4) alkyl,
-C(O)N((C1-Cy) alkyl)2, -NHC(O)(C1-Cy) alkyl, -N((C1-Cy) alkyl )C(O)(C1-Cy) alkyl,
(C6-Ci4) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
(C3-Cg) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or
more substituents selected from (C1-Ce) alkyl, (C1-Cs) alkoxy, (Ci-Ce) haloalkyl, -C(O)OH,
-C(0)O(C1-Cy) alkyl, -C(O)(C1-Cy) alkyl, -S(O)q(C1-Cs) alkyl, -C(O)NH(C;-C4) alkyl,
-C(O)N((C1-Cy) alkyl)z, -OH, -NH>, -CN, -NH(C;-Cy) alkyl, and -N((C;-C4) alkyl)>; or

two Ri1 on adjacent atoms together with the atoms to which they are attached form a
heterocycloalkyl ring; or two Ri; on adjacent atoms together with the atoms to which they are
attached form a (Cs-Cs) cycloalkyl ring; or two Ri1 on adjacent atoms together with the atoms to
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which they are attached form a (C¢-C14) aryl ring; or two Ri1 on adjacent atoms together with the

atoms to which they are attached form a heteroaryl ring; or
two Ry together with the atom to which they are attached form a C=0;

each Ri2 is independently at each occurrence (C1-Ce) alkoxy, -NR5R s,

-NR15C(O)NR5R16, -NR15C(O)R16, -NR15S(O)mR 16, or -C(O)NH(C3-Cs) cycloalkyl;
each Ri3 is independently at each occurrence H or (C1-Cy) alkyl;

each Ri4 is independently at each occurrence H, (C1-Cs) alkyl, (C2-Cs) alkenyl,
(C2-Cp) alkynyl, (C1-Ce) haloalkyl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —(Co-C2)-alkylene-(Cs-Ci4) aryl, or
—(Co-Cz)-alkylene-heteroaryl, wherein the alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is optionally substituted with one or more substituents selected from (C;-C4) alkyl
optionally substituted with (Ci-Cs) alkoxy, (C1-C4) alkoxy, (Ci-C4) haloalkyl,
(C1-C4) haloalkoxy, (Cs-Ci4) aryl, heteroaryl, halogen, —OH, -NH;, CN, -C(O)NHz,

-C(O)NH(C1-Cy) alkyl, -C(O)N((C1-Cy) alkyl)2, -NH(C1-Cy) alkyl, and -N((C1-C4) alkyl),; or

Riz and Ris together with the nitrogen atom to which they are attached form a

heterocycloalkyl ring optionally substituted with one or more R23;
each Ris is independently at each occurrence H or (C1-Cy) alkyl;

each R is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl,
(C2-Cp) alkynyl, (C2-Cs) haloalkyl, (C3-Csg) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (C;-Cy) alkyl, (C-C4) alkoxy, (Ci-Cs) haloalkyl,
(C1-C4) haloalkoxy, and halogen;

each Ry7 is independently at each occurrence (C;-Ce) alkyl, (C2-Cs) alkenyl,
(C2-Cp) alkynyl, (Ci-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, —OH, -NHa, or CN;

each Rig and Ry9 is independently at each occurrence H or (C;-C4) alkyl; or
Rigs and Ry together with the nitrogen atom to which they are attached form a
heterocycloalkyl ring;
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each R2o, R21, and R22 is independently at each occurrence H or (Ci-Cs) alkyl;

each Ro3 is independently selected from (Ci-Cs) alkyl, (C1-C4) alkoxy,
(C1-Cs) haloalkoxy, halogen, -C(O)(C1-C4) alkyl, -C(O)O(C;-Cs) alkyl, -C(O)(Cs-Cg) cycloalkyl,
-C(O)heterocycloalkyl, —OH, -NHz, and CN, wherein the alkyl and alkoxy are optionally

substituted with one or more substituents selected from (C;-Cs) alkoxy and -OH; or

two R23 on the same atom to which they are attached form a spiroheterocycloalkyl ring;

and
each m, p, g, and r is independently O, 1, or 2.

[0080] In some embodiments of the Formulae above, X; is CR¢, X> is CR7, X3 is CRg, and
X4 18 CRo. In other embodiments, X; is CRe, X2 is CR7, X3 is CRg, and X4 is N. In other
embodiments, X; is CRe, X2 is CR7, X3 1s N, and X4 is CRo. In other embodiments, X; is CRe,
X218 N, X3 is CRs, and X4 is CRo. In other embodiments, X; is N, X5 is CR7, X3 is CRs, and X4
is CRo.

[0081] In some embodiments of the Formulae above, R is H, (C1-Cs) alkyl,

(C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally
substituted with one or more substituents selected from —ORjyy, -C(O)R20, -CO2R20,
and -NRgR19. In another embodiment, R; is H, methyl, -CH>CH>OH, -CH,CH>NH>,
-CH(CH3)C(O)OH, or piperidinyl optionally substituted with —C(O)R2. In yet another
embodiment, R is H or methyl.

[0082] In some embodiments of the Formulae above, R3 is H, (C1-C3) alkyl,

(C1-C3) haloalkyl, (C;-Cs) hydroxyalkyl, (Ci-Cs) aminoalkyl, heterocycloalkyl, -C(O)OH,
-C(O)NH2, or CN. In yet another embodiment, R3 is H, (C;-C>) alkyl, (Ci-C») hydroxyalkyl,
-C(O)OH, -C(O)NHz, or CN. In another embodiment, R3 is H or (C) alkyl.

[0083] In some embodiments of the Formulae above, Rz is H, (C;-C3) alkyl,

(C1-C3) haloalkyl, (C:-Cs) hydroxyalkyl, (Ci-C3) aminoalkyl, heterocycloalkyl, halogen,
-C(O)OH, -C(O)NHz, or CN. In another embodiment, R3 is H, (C-Cz) alkyl,

(C1-C2) hydroxyalkyl, -C(O)OH, -C(O)NH2, or CN. In yet another embodiment, R3 is H or
methyl.
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[0084] In another embodiment, R3 and Rz together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring. In yet another embodiment, R3 and Rz together with the
carbon atom to which they are attached form a heterocycloalkyl ring. In another embodiment, R3

and R3 together with the carbon atom to which they are attached form a (C3-C4) cycloalkyl ring

[0085] In some embodiments of the Formulae above, R4 is (Ci-C4) alkyl, (Ci-C4) alkoxy,
(C1-C4) haloalkyl, (Ci-Cs) haloalkoxy, (C3-Cs) cycloalkyl, halogen, -NHo», -C(O)(Ci-Cs) alkyl,
-O-(Co-C2)-alkylene-(Cs-Csg) cycloalkyl, -NH(C-Cs) alkyl, or -N((Ci-Cs) alkyl)2, wherein the
alkyl and alkoxy are optionally substituted with one to three substituents selected from

(C1-Cy) alkyl, (Ci-Cy) alkoxy, -OH, -NHa, -NH(C-C4) alkyl, and -N((C;-C4) alkyl)2. In another
embodiment, R4 is (C1-Cy) alkyl, (Ci-Cs) alkoxy, (C-Cs) haloalkyl, (C;-C4) haloalkoxy,

(C5-Ce) cycloalkyl, halogen, -NHz, or -C(O)(C:i-C4) alkyl, wherein the alkyl is optionally
substituted with one to three substituents (Ci-Cs) alkoxy. In other embodiments, R4 is

heterocycloalkyl. In another embodiment, R4 is pyrrolidinyl, piperazinyl, or piperidinyl.

[0086] In another embodiment, R4 and X4 together with the atoms to which they are attached
form a (Ce-Ci4) aryl ring optionally substituted with one or more Ri7. In yet another
embodiment, R4 and X4 on adjacent atoms together with the atoms to which they are attached
form a heteroaryl ring optionally substituted with one or more Ri7. In another embodiment, R4
and X4 together with the atoms to which they are attached form a (Cs-C7) cycloalkyl ring
optionally substituted with one or more Ri7. In yet another embodiment, R4 and X4 on adjacent
atoms together with the atoms to which they are attached form a heterocycloalkyl ring optionally

substituted with one or more Rj7.

[0087] In some embodiments of the Formulae above, Rs is H, (C1-C4) alkyl,
(C2-C4) alkenyl, (C2-C4) alkynyl, (Ci-C4) alkoxy, (Ci-C4) hydroxyalkyl, (Ci-C4) haloalkoxy,
halogen, -OH, -NHz, CN, -NH(C;-C4) alkyl, -N((C;-Cs) alkyl)2 or -NR3C(O)Ri4. In another

embodiment, Rs is H.

[0088] In some embodiments of the Formulae above, R¢ is H, (Ci-Cg) alkyl, (Ci-Ce) alkoxy,
(C1-Ce) haloalkyl, (C1-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl, or halogen, wherein the alkyl is

optionally substituted with one to three (C1-Ce) alkoxy. In another embodiment, Re 1s H,
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(C1-Cy4) alkyl, (C1-C4) alkoxy, (Ci1-C4) haloalkyl, (Ci-C4) haloalkoxy, (Ci-C4) hydroxyalkyl, or
halogen, wherein the alkyl is optionally substituted with one to three (C;-Cs) alkoxy. In another

embodiment, Re is H, (C1-C4) alkyl, or halogen.

[0089] In some embodiments of the Formulae above, R7 is H, (Ci-Cs) alkyl, (Ci-Cs) alkoxy,
(C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, or halogen, wherein the alkyl is optionally substituted
with one to three (C1-Ce¢) alkoxy. In another embodiment, R7 is H, (Ci-C4) alkyl,

(C1-C4) haloalkyl, or halogen. In yet another embodiment, R7 is H, (Ci-C4) haloalkyl, or

halogen.

[0090] In some embodiments of the Formulae above, Rg is H, (Ci-Cas) alkyl, (C1-C4) alkoxy,
(C1-C4) haloalkyl, (C1-Cs) haloalkoxy, (Ci-C4) hydroxyalkyl, or halogen, wherein the alkyl is
optionally substituted with one to three (C;-Cs) alkoxy. In another embodiment, Rg is H,

(C1-Cy) alkoxy, or halogen.

[0091] In some embodiments of the Formulae above, Ro is H, (Ci-Cs) alkyl, (Ci1-C4) alkoxy,
(C1-C4) haloalkyl, (Ci-C4) haloalkoxy, (Ci-Cs) hydroxyalkyl, or halogen, wherein the alkyl is
optionally substituted with one to three (C;-Cs) alkoxy. In another embodiment, Ro is H,

(C1-Cy) alkyl, (Ci1-Cy) alkoxy, or halogen.

[0092] In some embodiments of the Formulae above, Rio is (Ci1-Cs) alkyl, (C1-Ce) alkoxy,
(C1-Ce) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl, halogen, -C(O)R14, -C(O)OR 13,
-NR13R14, -NR13C(O)R14, - NR13C(O)NR 3R 14, -C(O)NR 3R 14, -S(O)pR 14, -NR13S(O)pR14,
-S(O)pNR13R 14, or CN, wherein the alkyl, alkenyl, alkynyl, and alkoxy are optionally substituted
with one to three Rj2. In another embodiment, Rjo is -C(O)R14, -C(O)OR3, -NR3R14,
-NR13C(O)R14, -NR13C(O)NR13R14, -C(O)NR13R14, -S(O)pR14, -NR13S(O)pR14, -S(O)pNR13R 14,
or CN. In another embodiment, Rigis —(Co-C2)-alkylene-(Ces-Ci4) aryl,
—(Co-C2)-alkylene-heteroaryl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —O-(Co-C»)-alkylene-aryl, —O-(Co-C2)-alkylene-heteroaryl,
—0-(Co-Cp)-alkylene-(C3-Cs) cycloalkyl, or —O-(Co-C2)-alkylene-heterocycloalkyl, wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally substituted with one to three Rij.
[0093] In another embodiment, two Rjo on adjacent atoms together with the atoms to which
they are attached form a (Cs-C14) aryl ring optionally substituted with one or more Ri;. In yet

another embodiment, two Rio on adjacent atoms together with the atoms to which they are
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attached form a heteroaryl ring optionally substituted with one or more Ri;. In another
embodiment, two Rio on adjacent atoms together with the atoms to which they are attached form
a (Cs3-Cg) cycloalkyl ring optionally substituted with one or more Rj;. In yet another
embodiment, two Rio on adjacent atoms together with the atoms to which they are attached form
a heterocycloalkyl ring optionally substituted with one or more Ri;. In another embodiment, two
Rio on the same atom to which they are attached form a spirocycloalkyl ring optionally
substituted with one or more Ri;. In yet another embodiment, two Rio on the same atom to which

they are attached form a spiroheterocycloalkyl ring optionally substituted with one or more Rij.

[0094] In some embodiments of the Formulae above, Ri; is (Ci-Cs) alkyl, (C-Ce) alkoxy,
(C1-Co) haloalkyl, (C;-Ce) haloalkoxy, halogen, CN, -OH, -NHz, -NH(C;-C4) alkyl,
-N((C1-Cy) alkyl)z, -C(O)O(C1-Cy) alkyl, -S(0O)q(C1-Cas) alkyl, -C(O)NHz,
-C(O)NH(C;-Cy) alkyl, -C(O)N((Ci-Cs) alkyl)2, -NHC(O)(Ci-Ca) alkyl,
-N((C1-C4) alkyl)C(O)(Ci-Cs) alkyl, (Cs-Ci4) aryl, heteroaryl, (Cs3-Cg) cycloalkyl, or
heterocycloalkyl, wherein the alkyl, alkoxy, (Cs-Cg) cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl are optionally substituted with one to three substituents selected from (C;-Ce) alkyl,
(C1-Ce) alkoxy, (Ci1-Ce) haloalkyl, -C(O)OH, -C(O)O(C;-Cs) alkyl, -C(O)(Ci-Cy) alkyl,
-S(0)4(C1-Cy) alkyl, -C(O)NH(C1-Cy) alkyl, -C(O)N((C1-Cys) alkyl)2, -OH, -NH2, CN,
-NH(C;-Cy) alkyl, and -N((C1-C4) alkyl)2. In another embodiment, Ri; is (Ci-Cs) alkyl,
(C1-Ce) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ces) haloalkoxy, or halogen, wherein the alkyl and alkoxy,
are optionally substituted with one to three substituents selected from (C;-Cs) alkyl,
(C1-Ce) alkoxy, (Ci1-Ce) haloalkyl, -C(O)OH, -C(O)O(C;-Cs) alkyl, -C(O)(Ci-C4) alkyl,
-S(0)4(C1-Cy) alkyl, -C(O)NH(C1-Cy) alkyl, -C(O)N((C1-Cas) alkyl)2, -OH, -NHz, CN,
-NH(C:-Cys) alkyl, and -N((C1-C4) alkyl)>. In another embodiment, Ri; is CN, -OH, -NH>,
-NH(C1-Cy) alkyl, -N((C1-Ca) alkyl)z, -C(O)O(C1-Cs) alkyl, -S(O)q(C1-Cs) alkyl, -C(O)NHaz,
-C(O)NH(C:-Cy) alkyl, -C(O)N((C1-Cy) alkyl)2, -NHC(O)(Ci-Cy) alkyl, or
-N((C1-Cy) alkyl)C(O)(C1-C4) alkyl. In another embodiment, Ry is (Cs-Ci4) aryl, heteroaryl,
(C5-Cs) cycloalkyl, or heterocycloalkyl, wherein the (C3-Cs) cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl are optionally substituted with one to three substituents selected from
(C1-Ce) alkyl, (C1-Ce) alkoxy, (C1-Cs) haloalkyl, -C(O)OH, -C(O)O(C;-Cy) alkyl,
-C(O)(C1-Cy) alkyl, -S(0O)q(C1-Cy) alkyl, -C(O)NH(C;-Cy) alkyl, -C(O)N((Ci-Cs) alkyl)a,
-OH, -NHa, CN, -NH(C;-Cy) alkyl, and -N((C;-Cs4) alkyl)s.
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[0095] In another embodiment, two Ri1 on adjacent atoms together with the atoms to which
they are attached form a heterocycloalkyl ring. In yet another embodiment, two Ri; on adjacent
atoms together with the atoms to which they are attached form a (Cs-Cs) cycloalkyl ring. In
another embodiment, two Ri1 on adjacent atoms together with the atoms to which they are
attached form a (Cs-Ci4) aryl ring. In yet another embodiment, two Ri; on adjacent atoms

together with the atoms to which they are attached form a heteroaryl ring.

[0096] In another embodiment, two Ri1 together with the atom to which they are attached
form a C=0.

[0097] In some embodiments of the Formulae above, Rz is -NR5R 16, -NR1sC(O)NR5R 16,
-NR5C(O)R16, -NR15S(O)mR 16, or -C(O)NH(C3-Cs) cycloalkyl. In another embodiment, Ri2 is
-NRi5R16, -NR15C(O)NR5R 16, -NR15C(O)R16, or -NR15S(O)mR16. In yet another embodiment,
Rz 1s (C1-Cs) alkoxy or -C(O)NH(C3-Cs) cycloalkyl.

[0098] In some embodiments of the Formulae above, Ri3 is H, methyl, ethyl, n-propyl,
i-propyl, n-butyl, s-butyl, or i-butyl.

[0099] In some embodiments of the Formulae above, R4 is H, (C1-Ce) alkyl,

(C2-Cp) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) haloalkyl, —(Co-C2)-alkylene-(C3-Csg) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —(Co-C2)-alkylene-(Cs-Ci4) aryl, or
—(Co-Cz)-alkylene-heteroaryl, wherein the alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is optionally substituted with one to three substituents selected from (Ci-C4) alkyl
optionally substituted with (Ci-Cs) alkoxy, (C1-C4) alkoxy, (Ci-C4) haloalkyl,

(C1-C4) haloalkoxy, (Cs-Ci4) aryl, heteroaryl, halogen, —OH, -NH>, CN, -C(O)NHz,
-C(O)NH(C;-Cy) alkyl, -C(O)N((Ci-Cy) alkyl)2, -NH(C;-Cy) alkyl, and -N((Ci-C4) alkyl)z. In
another embodiment, R4 is H, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-Ce¢) alkynyl, or

(C1-Co) haloalkyl, wherein the alkyl is optionally substituted with one to three substituents
selected from (C1-Cy) alkyl optionally substituted with (Ci-Cs) alkoxy, (C1-Cs) alkoxy,

(C1-C4) haloalkyl, (Ci-Cs) haloalkoxy, (Cs-C14) aryl, heteroaryl, halogen, —OH, -NH>, CN,
-C(O)NH_,-C(O)NH(C-Cy4) alkyl, -C(O)N((C1-Cy) alkyl)2, -NH(C;-Cy) alkyl, and

-N((C1-Cy) alkyl)2. In yet another embodiment, Ri4 is —(Co-Cz)-alkylene-(C3-Cs) cycloalkyl,
—(Co-Cy)-alkylene-heterocycloalkyl, —(Co-C»)-alkylene-(Cs-Ci4) aryl, or
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—(Co-C2)-alkylene-heteroaryl, wherein the cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is
optionally substituted with one to three substituents selected from (Ci-Cs4) alkyl optionally
substituted with (C;-C4) alkoxy, (Ci-Cs) alkoxy, (Ci-Cs) haloalkyl, (C-Cs) haloalkoxy,

(C6-Ci4) aryl, heteroaryl, halogen, —OH, -NH>, CN, -C(O)NH2,-C(O)NH(C;-C4) alkyl,
-C(O)N((C1-Cy) alkyl)z, -NH(C1-Cy) alkyl, and -N((Ci-Cy) alkyl)>.

[00100] In another embodiment, Ri3 and Ri4 together with the nitrogen atom to which they are
attached form a heterocycloalkyl ring optionally substituted with one or more R23. In another
embodiment, Ri3 and Ri4 together with the nitrogen atom to which they are attached form a

heterocycloalkyl ring optionally substituted with one to three Ros.

[00101] In some embodiments of the Formulae above, Ris is H, methyl, ethyl, n-propyl,
i-propyl, n-butyl, s-butyl, or i-butyl.

[00102] In some embodiments of the Formulae above, Ris is H, (Ci-Cs) alkyl,

(C2-Co) haloalkyl, (C3-Cs) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein the alkyl,
cycloalkyl, and heteroaryl are optionally substituted with one to three substituents independently

selected from (Ci-Cs) alkyl, (Ci-C4) alkoxy, (Ci-Cs) haloalkyl, (Ci-Cs) haloalkoxy, and halogen.

[00103] In some embodiments of the Formulae above, Ri7 is (Ci-Cs) alkyl, (C2-Cs) alkenyl,
(C2-Ce) alkynyl, (C1-Ce) alkoxy, (C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, —OH, -NH>, or CN.

[00104] In some embodiments of the Formulae above, Ris is H, methyl, ethyl, n-propyl,
i-propyl, n-butyl, s-butyl, or i-butyl.

[00105] In some embodiments of the Formulae above, Ri9 is H, methyl, ethyl, n-propyl,
i1-propyl, n-butyl, s-butyl, or i-butyl.

[00106] In another embodiment, Rig and Ri9 together with the nitrogen atom to which they are

attached form a heterocycloalkyl ring.

[00107] In some embodiments of the Formulae above, R2o is H, methyl, ethyl, n-propyl,
i-propyl, n-butyl, s-butyl, or i-butyl.

[00108] In some embodiments of the Formulae above, R21 is H, methyl, ethyl, n-propyl,

i-propyl, n-butyl, s-butyl, or i-butyl.

43
139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

[00109] In some embodiments of the Formulae above, R22 is H, (C1-C4) alkyl, or
(C6-Cyo) aryl. In yet another embodiment, R2; is H, methyl, ethyl, n-propyl, i-propyl, n-butyl,

s-butyl, or i-butyl. In another embodiment, R2; is (Cs-Cio) aryl.

[00110] In some embodiments of the Formulae above, R23is selected from (Ci-Cs) alkyl,
(C1-Cy) alkoxy, (C1-Cs) haloalkoxy, halogen, -C(O)(Ci-Cs) alkyl, -C(O)O(C;-Cs) alkyl,
-C(0)(C5-Cg) cycloalkyl,-C(O)heterocycloalkyl, —OH, -NH2, and CN, wherein the alkyl and
alkoxy are optionally substituted with one to three substituents selected from (Ci-Cs4) alkoxy and
—OH. In yet another embodiment, R»3 is selected from (C;-Cy4) alkyl, (Ci-C4) alkoxy,

(C1-C4) haloalkoxy, and halogen, wherein the alkyl and alkoxy are optionally substituted with
one or more substituents selected from (C;-Cs) alkoxy and —OH. In another embodiment, R23 is
selected from -C(O)(Ci-Cy) alkyl, -C(O)O(Ci-Cs) alkyl, -C(O)(C3-Cs) cycloalkyl,
-C(O)heterocycloalkyl, —OH, -NH2, and CN.

[00111] In another embodiment, two R23 on the same atom to which they are attached form a
spiroheterocycloalkyl ring.

[00112] In some embodiments of the Formulae above, m is O or 1. In yet another
embodiment, m is 1 or 2. In another embodiment, m is 0. In yet another embodiment, mis 1. In
another embodiment, m is 2.

[00113] In some embodiments of the Formulae above, nis 0 or 1. In yet another embodiment,
nis 1 or 2. In another embodiment, n is 0. In yet another embodiment, n is 1. In another
embodiment, n is 2.

[00114] In some embodiments of the Formulae above, p is 0 or 1. In yet another embodiment,
p is 1 or 2. In another embodiment, p is 0. In yet another embodiment, p is 1. In another
embodiment, p is 2.

[00115] In some embodiments of the Formulae above, q is 0 or 1. In yet another embodiment,
qis 1 or 2. In another embodiment, q is 0. In yet another embodiment, q is 1. In another
embodiment, q is 2.

[00116] In some embodiments of the Formulae above, ris O or 1. In yet another embodiment,
ris 1 or 2. In another embodiment, r is 0. In yet another embodiment, r is 1. In another
embodiment, r is 2.

[00117] In some embodiments of the Formulae above, R; is H, -CDj3, (Ci-Cs) alkyl,
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(C2-Ce) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) haloalkyl, (C2-Cs) hydroxyalkyl, (C3-Cs) cycloalkyl, or
heterocycloalkyl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, and heterocycloalkyl are
optionally substituted with one or more substituents selected from halogen,—OR2o, -C(O)R2o,
-CO2R20, -NRi8R19, -NR29C(O)R21, -C(O)NR20R21, -NR20C(O)NR21R22, -NR20S(O):R21,
-S(0):NR20R21, -NR20S(O);NR21R22, -S(0):R20, -P(O)R20R21, and —Si((C1-Cs) alkyl)s; and R4 is
(C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl, (C1-Ce) alkoxy, (Ci-Cs) haloalkyl,

(C1-Co) haloalkoxy, (C3-Cs) cycloalkyl, -O-(Co-C2)-alkylene-(Cs-Cs) cycloalkyl,
heterocycloalkyl, halogen, -OH, -NH>, CN, -C(O)(C;-Cs) alkyl, -C(O)O(C;-Cs) alkyl,
-NR20C(O)O(C1-Cy) alkyl, -Si(CH3)3, -SFs,-S(O)p(Ci-Ca)alkyl, -S(O)p(NH)(C1-Cy) alkyl,
-NH(C;-Cs) alkyl, or -N((Ci-Cs) alkyl)2, wherein the alkyl, alkenyl, alkynyl, and alkoxy are
optionally substituted with one or more substituents selected from (C;-Ce) alkyl, (Ci-Ce) alkoxy,
(C5-Cs) cycloalkyl,-OH, -S(0O):(C1-Cy) alkyl, -S(O):(NH)(C1-Cs) alkyl, -SFs, -Si(CH3)3, -NHo,
-NH(C;-Cys) alkyl, and -N((C1-C4) alkyl)2; or R4 and X4 together with the atoms to which they are
attached form a (Ces-Ci4) aryl ring optionally substituted with one or more Ri7; or R4 and X4 on
adjacent atoms together with the atoms to which they are attached form a heteroaryl ring
optionally substituted with one or more Ri7; or R4 and X4 together with the atoms to which they
are attached form a (Cs-C7) cycloalkyl ring optionally substituted with one or more Ri7; or R4
and X4 on adjacent atoms together with the atoms to which they are attached form a

heterocycloalkyl ring optionally substituted with one or more Ry7.
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[00120] In some embodiments of the Formulae above, Ry is : :
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[00123] In some embodiments of the Formulae above, n is 1 and R is R10,
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further substituted with one to two Rjo.
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T R

=N ,wherein each is optionally further substituted with one to two
Rio.
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[00124] In some embodiments of the Formulae above, n is 0 and R is Rio ,
3
00 0
, 0 , , or Rio , wherein each is optionally

further substituted with one to two Rjo.

[00125] In some embodiments of the Formulae above, n is 2 and Ry is R
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to two Rio.
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[00126] In some embodiments of the Formulae above, Rig is N
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N
[00127] In some embodiments of the Formulae above, Rig is ‘\/ ,

N— , Or , wherein each Rio is optionally

substituted with one to three Ryi.

[00128] In some embodiments of Formula (I), X; is CRe. In another embodiment, X; is CR¢
and X> is CR7. In yet another embodiment, X; is CR¢, X> is CR7, and X3 is CRs. In another
embodiment, X; is CRg, X2 is CR7, X3 is CRs, and X4 is CRy. In another embodiment, X; is CRe,
X> is CR7, X3 is CRg, X4 is CRo, and Rs is H. In yet another embodiment, X; is CRe, X2 is CR7,
X3 is CRg, X4 is CRo, Rs is H, and R¢ is H, (Ci-Ce) alkyl, or halogen. In another embodiment, X
is CRe, X2 is CR7, X3 is CRsg, X4 is CRo, Rs is H, Re is H, (Ci-Ce) alkyl, or halogen, and R7 is H,
(C1-Ce) alkyl, (Ci-Ce) haloalkyl, or halogen. In yet another embodiment, X; is CRs, X2 is CR7,
X3 is CRsg, X4 1s CRo, Rs is H, Re is H, (C1-Cs) alkyl, or halogen, R7 is H, (C;-Cs) alkyl, (C-Ce)
haloalkyl, or halogen, and Rs is H, (C1-Cs) alkyl, (C1-Cs) alkoxy, or halogen.

[00129] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Ce) alkoxy, or halogen, and R is H, (C;-Ce) alkyl, (C1-Cs) alkoxy, or halogen.
In another embodiment, X is CRg, X5 is CR7, X3 is CRg, X4 1s CRg, Rsis H, R¢ is H,

(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,
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(C1-Ce) alkyl, (Ci-Ce) alkoxy, or halogen, Ro is H, (C1-Cs) alkyl, (C1-Cs) alkoxy, or halogen, and
Ry is H, (Ci-Cs) alkyl, (C»-C¢) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from

-OR20, -C(O)R20, -CO2R20, and -NRgR19. In yet another embodiment, X; is CRe, X2 is CR7, X3
is CRs, X4 1s CRo, Rs is H,R¢ is H, (C-Cs) alkyl, or halogen, R7 is H, (C;-Ce) alkyl,

(C1-Ce) haloalkyl, or halogen, Rs is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, Ro is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or

more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRgR 9, and R3 is H.

[00130] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRy, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (C1-Ce) alkoxy, or halogen, R is H, (Ci-Ce) alkyl, (C1-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from

—OR20, -C(O)R20, -CO2R20, and -NRgR19, R3'1s H, and R3 is H, (C;-Ce) alkyl,

(C1-Co) hydroxyalkyl, -C(O)OH, -C(O)NH>, or CN. In another embodiment, X; is CR¢, X> is
CR7, X3 1s CRs, X4 is CRy, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl,
(C1-Ce) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, Ro is H,

(C1-Co) alkyl, (Ci-Ce) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R29, -CO2R20, and -NRsR 19, R3 is H, R3 is H,
(C1-Ce) alkyl, (Ci-Ce) hydroxyalkyl, -C(O)OH, -C(O)NHz, or CN, and Rz is (Cs-C14) aryl

substituted with one or more Rjo.

[00131] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Cs) haloalkyl, or halogen, Rs is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R
is H, (Ci-Ce) alkyl, (C2-C¢) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,

-C(O)R20, -CO2R20, and -NRisR 19, R3'is H, R3 is H, (C1-Cs) alkyl, (C1-Cs) hydroxyalkyl,
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-C(O)OH, -C(O)NHa, or CN, and R is (Cs-C14) aryl substituted with one or more Rio. In another
embodiment, X; is CRg, X2 is CR7, X3 is CRsg, X4 is CRo, Rs is H, R¢ is H, (C-Ce) alkyl, or
halogen, R7 is H, (C-Cs) alkyl, (Ci-Cs) haloalkyl, or halogen, Rg is H, (C-Cs) alkyl,

(C1-Ce) alkoxy, or halogen, Ro is H, (Ci-C) alkyl, (C1-Ce) alkoxy, or halogen, R is H,

(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRgR19, R3'1s H, R3 is H, (C;-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH,
-C(O)NH2, or CN, and R is (Cs-C14) aryl substituted with one or more Rio.

[00132] In another embodiment, X; is CRe, X2 is CR7, X3 is CRg, X4 is CRo, Rs is H, Re¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Cp) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from

—OR20, -C(O)R20, -CO2R20, and -NR1gR 19, R3'is H, R3 is H, (C;-Cs) alkyl, (Ci-Cs) hydroxyalkyl,
-C(O)OH, -C(O)NHa, or CN, R is (Cs-C14) aryl substituted with one or more Rio, and Rjo is
(C6-Cis) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ri.

[00133] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRy, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Ce) alkoxy, or halogen, R is H, (Ci-Ce) alkyl, (C1-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRsR 19, R3'is H, R3 is H, (C1-Cg) alkyl, (C;-Ce) hydroxyalkyl,
-C(O)OH, -C(O)NH2, or CN, and R> is heteroaryl substituted with one or more Rio. In yet
another embodiment, X; is CR¢, X2 is CR7, X3 is CRsg, X4 is CRo, Rs is H, R¢ is H, (C1-Ce) alkyl,
or halogen, R7 is H, (C;-Ce) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H, (C-Ce) alkyl,

(C1-Ce) alkoxy, or halogen, Ro is H, (Ci-C) alkyl, (C1-Cs) alkoxy, or halogen, R is H,

(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRgR19, R3'is H, R3 is H, (C;-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH,
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-C(O)NHa, or CN, R is heteroaryl substituted with one or more Rio, and Rio is (Ce-Ci14) aryl,
heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally

substituted with one or more Ry;.

[00134] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRy, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Ce) alkoxy, or halogen, Ro is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRsR 19, R3'is H, R3 is H, (C1-Cg) alkyl, (C1-Ce) hydroxyalkyl,
-C(O)OH, -C(O)NHz, or CN, and R is (C3-Cs) cycloalkyl substituted with one or more Ro.
[00135] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRy, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Cs) haloalkyl, or halogen, Rs is H,

(C1-Co) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (C1-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR 19, R3'is H, R3 is H, (C-Cs) alkyl, (Ci-Cs) hydroxyalkyl,
-C(O)OH, -C(O)NHz, or CN, Rz is (C3-Cs) cycloalkyl substituted with one or more Rio, and Rio
is (Ce-Cis) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and

heterocycloalkyl are optionally substituted with one or more Rj;.

[00136] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRisR19, R3'is H, R3 is H, (C1-Ce) alkyl, (C1-Ce) hydroxyalkyl,
-C(O)OH, -C(O)NHa, or CN, and R is heterocycloalkyl substituted with one or more Rio. In yet
another embodiment, X; is CRe¢, X2 is CR7, X3 is CRg, X4 is CRo, Rs is H, R¢ is H,

(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (C1-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and

heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
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-C(O)R20, -CO2R20, and -NRsR 19, R3'is H, R3 is H, (C1-Cg) alkyl, (C1-Cs) hydroxyalkyl,
-C(O)OH, -C(O)NHz, or CN, R is heterocycloalkyl, substituted with one or more Rio, and R is
(C6-C14) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Rii.

[00137] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cy) alkyl, (C;-Ce) haloalkyl, or halogen, and Rg is H,
(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen. In another embodiment, X; is CRs, X2 is CR7, X3 is
CRs, X4 1s CRo, Rs s H, Re is H, (C1-Cy) alkyl, or halogen, R7 is H, (C1-Ce) alkyl,

(C1-Co) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, Ro is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R2, -CO2R20, and -NRisRi9, and R3 and Rs
together with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring.

[00138] In yet another embodiment, X; is CRs, X2 is CR7, X3 is CRg, X4 is CRo, Rs is H, Re is
H, (Ci-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C-Ce) haloalkyl, or halogen, Rs is H,
(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR19, R3 and Rz together with the carbon atom to which they are

attached form a (C3-C7) cycloalkyl ring, and R» is (Cs-Ci14) aryl substituted with one or more Rio.

[00139] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRy, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (C1-Ce) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce¢) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR19, R3 and R3 together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring, R> is (Cs-Ci4) aryl substituted with one or more Rjo, and
Rio is (Ce-Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and

heterocycloalkyl are optionally substituted with one or more Rj;.
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[00140] In yet another embodiment, X; is CRs, X2 is CR7, X3 is CRg, X4 is CRo9, Rs is H, R is
H, (C:-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C-Ce) haloalkyl, or halogen, Rs is H,
(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Cg) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR19, R3 and Rz together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring, and R is heteroaryl, substituted with one or more Ro.
In another embodiment, X is CRg, X5 is CR7, X3 is CRg, X4 is CRy, R5is H, R¢ is H,

(C1-Cp) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (C1-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from

—OR20, -C(O)R20, -CO2R20, and -NRisR19, R3 and Rj3 together with the carbon atom to which
they are attached form a (Cs-C7) cycloalkyl ring, R» is heteroaryl substituted with one or more
Rio, and Rig is (Cs-Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and

heterocycloalkyl are optionally substituted with one or more Ry;.

[00141] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR19, R3 and R3 together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring and R» is (C3-Cs) cycloalkyl substituted with one or more
Rio.

[00142] In yet another embodiment, X; is CRg, X2 is CR7, X3 is CRg, X4 is CRo, Rs is H, R is
H, (Ci-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Cs) haloalkyl, or halogen, Rs is H,
(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Ce¢) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRigR19, R3 and R3 together with the carbon atom to which they are

attached form a (C3-C7) cycloalkyl ring, R> is (C3-Cs) cycloalkyl substituted with one or more
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Rio, and Rig is (Cs-Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and

heterocycloalkyl are optionally substituted with one or more Rij.

[00143] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (Ci-Ce) alkoxy, or halogen, R;
is H, (Ci-Cg) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRgR19, R3 and R3 together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring and R is heterocycloalkyl substituted with one or more
Rio. In yet another embodiment, X; is CRs, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-Ce) alkyl, (C1-Ce) alkoxy, or halogen, R;
is H, (Ci-Cg) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from

—OR20, -C(O)R20, -CO2R20, and -NRgR19, R3 and Rj3 together with the carbon atom to which
they are attached form a (C3-C7) cycloalkyl ring, R» is heterocycloalkyl substituted with one or
more Rjo, and Rio is (Ce-Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl,

and heterocycloalkyl are optionally substituted with one or more Rj;.

[00144] In some embodiments of Formula (I), X; is CRe¢. In another embodiment, X; is CRg
and X2 is CRy7. In yet another embodiment, X; is CRe, X2 is CR7, and X3 is CRs. In another
embodiment, X; is CRg, X2 is CR7, X3 is CRs, and X4 is N. In another embodiment, X; is CRe,
X> is CR7, X318 CRg, X4 is N, and Rs is H. In yet another embodiment, X; is CR¢, X2 is CR7, X3
is CRs, X4 1s N, Rs is H, and Re¢ is H, (C;-Cg) alkyl, or halogen. In another embodiment, X is
CRs, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H, (C1-Ce) alkyl, or halogen, and R7 is H, (Ci-
Cs) alkyl, (C1-Ce) haloalkyl, or halogen.

[00145] In yet another embodiment, X; is CR¢, X2 is CR7, X3 is CRs, X4 1is N, Rs is H, R is H,
(C1-Cp) alkyl, or halogen, R7 is H, (C1-C) alkyl, (C;-Ce) haloalkyl, or halogen, and Rg is H,
(C1-Ce) alkyl, (C1-Ce) alkoxy, or halogen. In another embodiment, X; is CRe, Xo is CR7, X3 is
CRs, X418 N, Rs is H, R¢ is H, (C1-Ce) alkyl, or halogen, R7 is H, (C;-Cs) alkyl,
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(C1-Co) haloalkyl, or halogen, Rg is H, (Ci-C¢) alkyl, (Ci-C¢) alkoxy, or halogen, and R; is H,
(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRgR19. In yet another embodiment, X; is CR¢, X2 is CR7, X3 is CRg, X4 1s N, Rs
is H, Re is H, (C1-Cy) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Cs) haloalkyl, or halogen, Rs
is H, (C1-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R; is H, (Ci-Cs) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or

more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NR 3R 19, and R3 is H.

[00146] In another embodiment, X; is CRg, X2 is CR7, X3 is CRsg, X4 1s N, Rs5 is H, R¢ 1s H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NRsR19, R3 is H, and R3 is H,
(C1-Ce) alkyl, (Ci-Ce) hydroxyalkyl, -C(O)OH, -C(O)NH2, or CN. In another embodiment, X; is
CRe, X2 1s CR7, X3 1s CRs, X4 1s N, Rs is H, Re is H, (C1-Cy) alkyl, or halogen, R7 is H,

(C1-Ce) alkyl, (C1-Ce) haloalkyl, or halogen, Rsg is H, (Ci-Cs) alkyl, (C1-Ce) alkoxy, or halogen,
Ri is H, (Ci-Cs) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
-C(O)R20, -CO2R20, and -NRgR 19, R3'is H, R3 is H, (C-Cs) alkyl, (Ci-Ce) hydroxyalkyl,
-C(O)OH, -C(O)NHa, or CN, and R is (C¢-C14) aryl substituted with one or more Rjo.

[00147] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NR1sR 19, R3'is H, R3 is H,
(C1-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH, -C(O)NHa», or CN, R> is (Cs-Ci4) aryl substituted
with one or more Rio, and Rio is (Cs-Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl,

heteroaryl, and heterocycloalkyl are optionally substituted with one or more Ri;.
[00148] In another embodiment, X; is CRg, X7 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,
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(C1-Co) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NR 3R 19, R3'is H, R3 is H,
(C1-Cp) alkyl, (Ci-Cs) hydroxyalkyl, -C(O)OH, -C(O)NH:, or CN, and R: is heteroaryl
substituted with one or more Rjo. In yet another embodiment, X; is CRs, X2 is CR7, X3 is CRg,
X4 1s N, Rs 1s H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Ce) haloalkyl, or
halogen, Rg is H, (C-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H, (C1-Cg) alkyl,

(C2-Co) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally
substituted with one or more substituents selected from —ORjyy, -C(O)R20, -CO2R20,
and -NRsR19, R3 is H, R3 is H, (C1-Cs) alkyl, (Ci-Cs) hydroxyalkyl, -C(O)OH, -C(O)NH_, or
CN, R: is heteroaryl substituted with one or more Rio, and Rio is (C¢-Ci4) aryl, heteroaryl, or
heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Rj;.

[00149] In another embodiment, X; is CRes, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (Ci-Cs) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C>-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRsR 19, R3 is H, R3 is H,
(C1-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH, -C(O)NHa», or CN, and R is (C3-Csg) cycloalkyl
substituted with one or more Rio. In another embodiment, X; is CRs, X2 is CR7, X3 is CRs, X4 is
N, Rs is H, R¢ is H, (Ci-Cs) alkyl, or halogen, R7 is H, (Ci-C¢) alkyl, (Ci-Cs) haloalkyl, or
halogen, Rsg is H, (C-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R is H, (C1-Cs) alkyl,

(C2-Co) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally
substituted with one or more substituents selected from —OR20, -C(O)R20, -CO2R20, and
-NRisR19, R3'is H, R3 is H, (Ci-Cs) alkyl, (C1-Ce) hydroxyalkyl, -C(O)OH, -C(O)NHaz, or CN, R>
is (C3-Cg) cycloalkyl substituted with one or more Rio, and Rjo is (Cs-Ci4) aryl, heteroaryl, or
heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Rjj.

[00150] In another embodiment, X; is CRes, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,
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(C1-Co) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NR 3R 19, R3'is H, R3 is H,
(C1-Cp) alkyl, (Ci-Ce) hydroxyalkyl, -C(O)OH, -C(O)NHz, or CN, and R: is heterocycloalkyl
substituted with one or more Rjo. In yet another embodiment, X; is CRs, X2 is CR7, X3 is CRg,
X4 1s N, Rs 1s H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, (C1-Ce) haloalkyl, or
halogen, Rg is H, (C-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R is H, (C1-Cs) alkyl,

(C2-Co) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally
substituted with one or more substituents selected from —ORjyy, -C(O)R20, -CO2R20,
and -NRsR19, R3 is H, R3 is H, (C1-Cs) alkyl, (Ci-Cs) hydroxyalkyl, -C(O)OH, -C(O)NH_, or
CN, R is heterocycloalkyl substituted with one or more Rio, and Rio is (Cs-Ci4) aryl, heteroaryl,
or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Rj;.

[00151] In another embodiment, X; is CRes, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cy) alkyl, (C;-Ce) haloalkyl, or halogen, and Rg is H,
[00152] (Ci-Ce) alkyl, (C1-Ce) alkoxy, or halogen. In another embodiment, X; is CRs, X2 is
CR7, X31s CRs, X4 1s N, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (C1-Ce) alkyl,
(C1-Ce) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,

(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRsR19, and R3 and R3 together with the carbon atom to which they are attached

form a (C3-C7) cycloalkyl ring.

[00153] In yet another embodiment, X; is CR¢, X2 is CR7, X3 is CRg, X41is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (Ci-Ce) alkoxy, or halogen, Ri is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRisR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, and R» is
(C6-C14) aryl substituted with one or more Rio. In another embodiment, X; is CR¢, X2 is CR7, X3
is CRs, X4 is N, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (C-Cs) alkyl,

(C1-Ce) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,
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(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NR8R19, R3 and Rz together with the carbon atom to which they are attached form
a (C3-C7) cycloalkyl ring, R is (Cs-Ci4) aryl substituted with one or more Rio, and Rio is
(C6-C14) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ri.

[00154] In yet another embodiment, X is CR¢, X2 is CR7, X3 is CRs, X4 is N, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,
(C1-Co) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —ORzo, -C(O)R20, -CO2R20, and -NRsR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, and R» is
heteroaryl substituted with one or more Rio. In another embodiment, X; is CR¢, X2 is CR7, X3 is
CRs, X4 is N, Rs is H, R¢ is H, (C1-Cs) alkyl, or halogen, R7 is H, (C1-Cs) alkyl,
(C1-Co) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,
(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,
-CO2R20, and -NRi3R19, R3 and R3 together with the carbon atom to which they are attached form
a (C3-C7) cycloalkyl ring, R» is heteroaryl substituted with one or more Rio, and Rio is

(C6-C1a) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ry;.

[00155] In another embodiment, X; is CRg, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (Ci-Cs) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C>-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRigR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring and R> is

(C3-Cg) cycloalkyl substituted with one or more Rio. In yet another embodiment, X; is CR¢, X2
is CR7, X3 is CRs, X4 is N, Rs is H, Re is H, (Ci-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl,
(C1-Co) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,
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(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NR8R19, R3 and Rz together with the carbon atom to which they are attached form
a (C3-Cy) cycloalkyl ring, R2 is (C3-Cs) cycloalkyl substituted with one or more Rio, and Rig is
(C6-C14) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ri.

[00156] In another embodiment, X; is CRs, X2 is CR7, X3 is CRsg, X4 is N, Rs is H, R is H,
(C1-Cp) alkyl, or halogen, R7 is H, (Ci-Cg) alkyl, (C1-Ce) haloalkyl, or halogen, Rg is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —ORzo, -C(O)R20, -CO2R20, and -NRsR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring and R> is
heterocycloalkyl substituted with one or more Rio. In yet another embodiment, X; is CRe, X2 is
CR7, X3is CRs, X4 is N, Rs is H, Re is H, (C;-Ce) alkyl, or halogen, R7 is H, (C1-Cs) alkyl,
(C1-Ce) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,

(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRi8R19, R3 and Rz together with the carbon atom to which they are attached form
a (C3-C7) cycloalkyl ring, R» is heterocycloalkyl substituted with one or more Rio, and Rio is
(C6-Cis) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ry;.

[00157] In yet another embodiment, X; is CRe, X2 is CR7, X3 is CRsg, X4 is N, Rs is H, R¢ is H,
(C1-Cp) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (Ci-Cs) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C>-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRisR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, and R> is
heteroaryl substituted with one or more Rio. In another embodiment, X; is CR¢, X2 is CR7, X3 is
CRs, X4 is N, Rs is H, Rg is H, (C1-Cs) alkyl, or halogen, R7 is H, (C1-Cs) alkyl,

(C1-Co) haloalkyl, or halogen, Rs is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,
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(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRigR19, R3 and R3 together with the carbon atom to which they are attached
form a (C3-C7) cycloalkyl ring, R> is heteroaryl substituted with one or more Rio, and Rio is (Ce-
Ci4) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are

optionally substituted with one or more Ri.

[00158] In another embodiment, X; is CRs, X2 is CR7, X3 is CRsg, X4 is N, Rs is H, Re is H,
(C1-Cp) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —ORzo, -C(O)R20, -CO2R20, and -NRsR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring and R» is

(C3-Cs) cycloalkyl substituted with one or more Rio. In yet another embodiment, X; is CR¢, X2
is CR7, X3 is CRs, X4 is N, Rs is H, Re is H, (Ci-Ce) alkyl, or halogen, R7 is H, (C;i-Ce) alkyl,
(C1-Co) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,

(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NRigR19, R3 and R3 together with the carbon atom to which they are attached form
a (C3-C7) cycloalkyl ring, Ra is (C3-Cg) cycloalkyl substituted with one or more Rio, and Rio is
(C6-Cis) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ryi;.

[00159] In another embodiment, X; is CRes, X2 is CR7, X3 is CRg, X4 is N, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (C;i-Cg) alkyl, (C1-Cs) haloalkyl, or halogen, Rg is H,

(C1-Co) alkyl, (Ci-Cs) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRigR19, R3 and Rz together
with the carbon atom to which they are attached form a (C3-C7) cycloalkyl ring and R> is
heterocycloalkyl substituted with one or more Rio. In yet another embodiment, X; is CRe¢, X2 is
CR7, X3 is CRs, X4 is N, Rs is H, Re is H, (C;-Ce) alkyl, or halogen, R7 is H, (C1-Cs) alkyl,
(C1-Ce) haloalkyl, or halogen, Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen, R; is H,
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(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R20, and -NR8R19, R3 and Rz together with the carbon atom to which they are attached form
a (Cs3-C7) cycloalkyl ring, R» is heterocycloalkyl substituted with one or more Rio, and Rio is
(C6-C14) aryl, heteroaryl, or heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl

are optionally substituted with one or more Ri.

[00160] In some embodiments of Formula (I), X; is CRe. In another embodiment, X; is CRe
and X; is CR7. In yet another embodiment, X; is CRs, X2 is CR7, and X3 is N. In another
embodiment, X; is CRg, X2 is CR7, X3 is N, and X4 is CRo. In another embodiment, X; is CRe,
X2 1s CR7, X3 1s N, X4 is CRo, and Rs is H. In yet another embodiment, X; is CRs, X2 is CR7, X3
is N, X4 1s CRo, Rs is H, and Re¢ is H, (C;-Cg) alkyl, or halogen. In another embodiment, X is
CRe, X2 1s CR7, X3 is N, X4 is CRo, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, and R7 is H,
(C1-Cp) alkyl, (Ci1-Ce) haloalkyl, or halogen. In another embodiment, X; is CRe, X2 is CR7, X3 is
N, X4 is CRo, Rs is H, R is H, (C1-Cs) alkyl, or halogen, R7 is H, (C1-Cs) alkyl,

(C1-Co) haloalkyl, or halogen, and Ry is H, (C;-Cg) alkyl, (Ci-Ce) alkoxy, or halogen. In another
embodiment, X; is CRes, X2 is CR7, X3 is N, X4 is CRo, Rs is H, Re is H, (Ci-Cs) alkyl, or
halogen, R7 is H, (C1-Cs) alkyl, (Ci-Ce) haloalkyl, or halogen, Ry is H, (C1-Cs) alkyl,

(C1-Cs) alkoxy, or halogen, and R; is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or

more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NR 3R 9.

[00161] In yet another embodiment, X; is CR¢, X2 is CR7, X3 1s N, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Ro is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NRisR19,and Rz is H, Rz is H,
(C1-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH, -C(O)NHa», or CN or R3 and R3 together with the
carbon atom to which they are attached form a (C3-C7) cycloalkyl ring. In another embodiment,
Xj is CRg, X2 is CR7, X31is N, X4 is CRo, Rs is H, Re is H, (Ci-Cs) alkyl, or halogen, R7 is H,
(C1-Ce) alkyl, (C1-Ce) haloalkyl, or halogen, Ro is H, (Ci-Cs) alkyl, (Ci-Ce) alkoxy, or halogen,
R1 is H, (Ci-Cg) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and

heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2o,
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-C(O)R20, -CO2R20, and -NRsR 19, R3'is H, R3 is H, (C1-Cg) alkyl, (C1-Cs) hydroxyalkyl,

-C(O)OH, -C(O)NHz, or CN or R3 and Rs together with the carbon atom to which they are
attached form a (C3-C7) cycloalkyl ring, and Rz is (Cs-Ci4) aryl, heteroaryl, (C3-Cs) cycloalkyl,
heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl, and heterocycloalkyl substituted with

one or more Rjo.

[00162] In another embodiment, X; is CRe, X2 is CR7, X3 is N, X4 is CRy, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Ro is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ry is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2g, -C(O)R20,-CO2R20, and -NRsR 19, R3is H, Rz is H,
(C1-Cp) alkyl, (C1-Co) hydroxyalkyl, -C(O)OH, -C(O)NHz, or CN or R3 and R3 together with the
carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, Rz is (Ce-Ci4) aryl,
heteroaryl, (C3-Cs) cycloalkyl, heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl substituted with one or more Rio, and Rio is (Ce-Ci4) aryl, heteroaryl, or
heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Rj;.

[00163] In some embodiments of Formula (I), X; is CRe¢. In another embodiment, X; is CRg
and X2 is N. In yet another embodiment, X; is CRs, X2 is N, and X3 is CRs. In another
embodiment, X; is CRg, X2 is N, X3 is CRg, and X4 is CRo. In another embodiment, X; is CRe,
X218 N, X3 1s CRs, X4 is CRo, and Rs is H. In yet another embodiment, X; is CRs, X2 is N, X3 is
CRs, X4 1s CRo, Rs is H, and Re 1s H, (C;-Ce) alkyl, or halogen. In another embodiment, X; is
CRs, X2 is N, X3 is CRg, X4 is CRo, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, and Rg is H,
(C1-Cp) alkyl, (C1-Ce) alkoxy, or halogen. In another embodiment, X; is CRe, X2 is N, X3 is
CRs, X4 is CRo, Rsis H, Re is H, (C1-Ce) alkyl, or halogen, Rg is H, (C1-Ce) alkyl,

(C1-Ce) alkoxy, or halogen, and Ro is H, (Ci-C¢) alkyl, (C1-Cs) alkoxy, or halogen. In another
embodiment, X; is CRes, X2 is N, X3 is CRg, X4 is CRo, Rs is H, Re is H, (Ci-Cs) alkyl, or
halogen, Rg is H, (C1-Cs) alkyl, (Ci-Cs) alkoxy, or halogen, Ro is H, (C1-Cs) alkyl,

(C1-Cs) alkoxy, or halogen, and R; is H, (Ci-Ce) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or

more substituents selected from —OR2o, -C(O)R20, -CO2R20, and -NRsR 9.
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[00164] In another embodiment, X; is CRs, X2 is N, X3 is CRs, X4 is CRo, Rs is H, R is H,
(C1-Cp) alkyl, or halogen, Rs is H, (Ci-Cg) alkyl, (C1-Cs) alkoxy, or halogen, Ro is H,

(C1-Cp) alkyl, (Ci-Ce) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NRsR19, and R3 is H, R3 is H,
(C1-Cp) alkyl, (C1-Ce) hydroxyalkyl, -C(O)OH, -C(O)NH2, or CN, and R3 is H, R3 is H,

(C1-Cp) alkyl, (C1-Co) hydroxyalkyl, -C(O)OH, -C(O)NHz, or CN or R3 and R3 together with the
carbon atom to which they are attached form a (C3-C7) cycloalkyl ring. In another embodiment,
X 1s CRs, X2 1s N, X3 is CRs, X4 is CRo, Rs is H, R¢ is H, (C-Cs) alkyl, or halogen, Rg is H, (Ci-
Ce) alkyl, (C1-Cs) alkoxy, or halogen, Ro is H, (Ci-Cs) alkyl, (Ci-Cs) alkoxy, or halogen, R; is H,
(C1-Ce) alkyl, (C2-Ce) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2g, -C(O)R20,-CO2R20,
and -NRsR19, R3 is H, R3 is H, (C1-Cs) alkyl, (Ci-Cs) hydroxyalkyl, -C(O)OH, -C(O)NH_, or
CN or R3 and Rz together with the carbon atom to which they are attached form a

(C3-C7) cycloalkyl ring, and R> is (Cs-Ci4) aryl, heteroaryl, (Cs3-Csg) cycloalkyl, heterocycloalkyl,

wherein the aryl, heteroaryl, cycloalkyl, and heterocycloalkyl substituted with one or more R o.

[00165] In another embodiment, X; is CRg, X2 is N, X3 is CRs, X4 is CRo, Rs is H, R is H,
(C1-Ce) alkyl, or halogen, Rs is H, (Ci-Cs) alkyl, (C1-Cs) alkoxy, or halogen, Ro is H,

(C1-Co) alkyl, (Ci-Cs) alkoxy, or halogen, Ri is H, (Ci-C¢) alkyl, (C>-Cs) hydroxyalkyl, or
heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R29, -CO2R20, and -NRsR 19, R3'is H, R3 is H,
(C1-Ce) alkyl, (Ci-Cs) hydroxyalkyl, -C(O)OH, -C(O)NH2, or CN or R3 and R3 together with the
carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, R> is (Ce-Ci4) aryl,
heteroaryl, (C3-Cs) cycloalkyl, heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl substituted with one or more Rio, and Rio is (Cs-Ci4) aryl, heteroaryl, or
heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Ri;.

[00166] In some embodiments of Formula (I), X; is N. In another embodiment, X; is N and
Xz is CR7. In yet another embodiment, X; is N, X is CR7, and X3 is CRs. In another
embodiment, X is N, X7 is CR7, X3 is CRg, and X4 is CRg. In another embodiment, X; is N, X»

is CR7, X3 is CRg, X4 is CRo, and Rs is H. In yet another embodiment, X; is N, X» is CR7, X3 is
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CRs, X4 is CRo, Rs is H, and R7 is H, (C1-Cs) alkyl, (C1-Cs) haloalkyl, or halogen. In yet another
embodiment, X; is N, Xz is CR7, X3 is CRg, X4 is CRo, Rs is H, R7 is H, (C;-Ce) alkyl,
(C1-Co) haloalkyl, or halogen, and Rg is H, (C1-Cs) alkyl, (Ci-C¢) alkoxy, or halogen.

[00167] In another embodiment, X; is N, X> is CR7, X3 is CRs, X4 is CRo, Rs is H, R7 is H,
(C1-Ce) alkyl, (C1-Ce) haloalkyl, or halogen, Rs is H, (Ci-Cs) alkyl, (C1-Ce) alkoxy, or halogen,
and Ro is H, (C;-Ce) alkyl, (Ci-Cs) alkoxy, or halogen. In another embodiment, X; is N, X is
CR7, X3 is CRs, X4 is CRo, Rs is H, R7 is H, (C;-Cs) alkyl, (C1-Cs) haloalkyl, or halogen, Rs is H,
(C1-Ce) alkyl, (Ci-Ce) alkoxy, or halogen, Ro is H, (C1-Cs) alkyl, (Ci-Cs) alkoxy, or halogen, and
Ry is H, (Ci-Cs) alkyl, (C»-C¢) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and
heterocycloalkyl are optionally substituted with one or more substituents selected from —OR2y,
-C(O)R20, -CO2R20, and -NRgR 9. In yet another embodiment, X; is N, Xz is CR7, X3 is CRs, X4
is CRo, Rs is H, R7 is H, (C1-Ce) alkyl, (C1-Ce) haloalkyl, or halogen, Rs is H, (Ci-Cs) alkyl,
(C1-Ce) alkoxy, or halogen, Ro is H, (Ci-C) alkyl, (C1-Ce) alkoxy, or halogen, R is H,

(C1-Ce) alkyl, (C2-Cs) hydroxyalkyl, or heterocycloalkyl, wherein the alkyl and heterocycloalkyl
are optionally substituted with one or more substituents selected from —OR2o, -C(O)R2o,

-CO2R29, and -NRsR19, and R3'is H, R3 is H, (C;-Cs) alkyl, (C1-Ce) hydroxyalkyl, -C(O)OH,
-C(O)NHz2, or CN or R3 and R3 together with the carbon atom to which they are attached form a

(C3-C7) cycloalkyl ring.

[00168] In another embodiment, X; is N, X5 is CR7, X3 is CRg, X4 is CRy, Rs5 is H, R7 is H,
(C1-Ce) alkyl, (C1-Ce) haloalkyl, or halogen, Rs is H, (Ci-Cs) alkyl, (C1-Ce) alkoxy, or halogen,
Ro is H, (Ci-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-C¢) alkyl, (C2-Cs) hydroxyalkyl,
or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR20, -C(O)R20, -CO2R20, and -NR 3R 19, R3'is H, R3 is H,

(C1-Ce) alkyl, (C1-Cs) hydroxyalkyl, -C(O)OH, -C(O)NHa>, or CN or R3 and R3 together with the
carbon atom to which they are attached form a (C3-C7) cycloalkyl ring, and Rz is (Cs-Ci4) aryl,
heteroaryl, (C3-Csg) cycloalkyl, heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl, and

heterocycloalkyl substituted with one or more Rio.

[00169] In another embodiment, X; is N, X> is CR7, X3 is CRs, X4 is CRo, Rs is H, R7 is H,
(C1-Cp) alkyl, (C1-Ce) haloalkyl, or halogen, Rs is H, (Ci-Ce) alkyl, (Ci-Ce) alkoxy, or halogen,
Ro is H, (Ci-Ce) alkyl, (C1-Cs) alkoxy, or halogen, R is H, (Ci-Cs¢) alkyl, (C2-Cs) hydroxyalkyl,
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or heterocycloalkyl, wherein the alkyl and heterocycloalkyl are optionally substituted with one or
more substituents selected from —OR2o, -C(O)R20,-CO2R20, and -NRsR 19, R3is H, Rz is H,

(C1-Cp) alkyl, (C1-Cp) hydroxyalkyl, -C(O)OH, -C(O)NHz, or CN or R3 and R3 together with the
carbon atom to which they are attached form a (Cs-C7) cycloalkyl ring, Rz is (Ce-Cia) aryl,
heteroaryl, (C3-Cs) cycloalkyl, heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl substituted with one or more Rio, and Rio is (Cs-Ci4) aryl, heteroaryl, or
heterocycloalkyl, wherein the aryl, heteroaryl, and heterocycloalkyl are optionally substituted

with one or more Rj;.

[00170] In some embodiments of the Formulae above, X is CRg, X2 is CR7, X3 is CRs, X4 is
N, Rs is H, R¢ is H, (C;1-Ce) alkyl, or halogen, R7 is H, (C-Ce) alkyl, or halogen, Rs is H, (C;-Ce)
alkyl, or halogen, and R is H or (C;-Ce) alkyl. In another embodiment, X; is CRe, X2 is CR7, X3
is CRs, X4 1s N, Rs is H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (C1-Ce) alkyl, or halogen, Rs
is H, (C;-Ce) alkyl, or halogen, Ro is H, (Ci-Ce) alkyl, or halogen, R; is H or (Ci-C¢) alkyl, and
R3 is H or (C1-Cs) alkyl. In another embodiment, X; is CRe, X> is CR7, X3 is CRs, X4 is N, Rs is
H, Re is H, (C1-Cy) alkyl, or halogen, R7 is H, (C1-Cs) alkyl, or halogen, Rs is H, (C1-Cs) alkyl, or
halogen, Ro is H, (C1-Cs) alkyl, or halogen, R; is H or (Ci-Cs) alkyl, Rz is H or (C1-Cs) alkyl, and
R3 is H or (Ci-Cp) alkyl. In another embodiment, X is CRe, X2 is CR7, X3 is CRsg, X4 is N, Rs is
H, Re is H, (C1-Ce) alkyl, or halogen, R7 is H, (C1-Cs) alkyl, or halogen, Rs is H, (C1-Cs) alkyl, or
halogen, Ro is H, (Ci-Cs) alkyl, or halogen, R is H or (C1-Cs) alkyl, R3 is H or (C;-Cs) alkyl, R3'
is H or (C1-Ce) alkyl, and R4 is (C1-Cs) alkyl, (C1-Cs) alkoxy,

-O-(Co-C2)-alkylene-(Cs-Cg) cycloalkyl, -O-(Co-C»)-alkylene-heterocycloalkyl,
-NH-(Co-Cz)-alkylene-(C3-Cs) cycloalkyl, or -NH-(Co-C2)-alkylene-heterocycloalkyl.

[00171] In another embodiment, X; is CRg, X2 is CR7, X3 is CRg, X4 is N, Rs is H, Rg is H,
(C1-Ce) alkyl, or halogen, R7 is H, (Ci-Ce) alkyl, or halogen, Rs is H, (Ci-Ce) alkyl, or halogen,
Ry is H, (Ci-Ce) alkyl, or halogen, R is H or (Ci-Ce) alkyl, R3 is H or (Ci-Ce) alkyl, R3 is H or
(C1-Ce) alkyl, and R4 is -O-(Co-C»)-alkylene-(C3-Cg) cycloalkyl,
-O-(Co-C2)-alkylene-heterocycloalkyl, -NH-(Co-C2)-alkylene-(C3-Cs) cycloalkyl, or
-NH-(Co-C>)-alkylene-heterocycloalkyl.

[00172] In some embodiments of the Formulae above, X; is CRg, X2 is CR7, X3 is CRs, X4 is
CRo, Rs is H, Re is H, (Ci-Ce) alkyl, or halogen, R7 is H, (Ci-Cs) alkyl, or halogen, Rg is H, (Ci-

Ce) alkyl, or halogen, Ro is H, (C;-Ce) alkyl, or halogen, and R is H or (Ci-Ce) alkyl. In another
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embodiment, X; is CRg, X2 is CR7, X3 is CRsg, X4 is CRo, Rs is H, R¢ is H, (C-Cs) alkyl, or
halogen, R7 is H, (C;-Cs) alkyl, or halogen, Rs is H, (C-Cs) alkyl, or halogen, Ro is H, (C;-Cs)
alkyl, or halogen, R; is H or (C;-Ce) alkyl, and R3 is H or (C1-Ce) alkyl. In another embodiment,
X1 is CRs, X2 1s CR7, X3 is CRs, X4 is CRo, Rs is H, Re is H, (C1-Cs) alkyl, or halogen, R7 is H,
(C1-Ce) alkyl, or halogen, Rg is H, (C;-Ce) alkyl, or halogen, Ro is H, (Ci-Ce) alkyl, or halogen,
R1 is H or (Ci-Ce) alkyl, R3 is H or (Ci1-Cs) alkyl, and R3 is H or (Ci-Ce) alkyl. In another
embodiment, X; is CRg, X2 is CR7, X3 is CRsg, X4 is CRo, Rs is H, R¢ is H, (C-Ce) alkyl, or
halogen, R7 is H, (C1-Cs) alkyl, or halogen, Rs is H, (C1-Cs) alkyl, or halogen, Ro is H, (C1-Cs)
alkyl, or halogen, R; is H or (C;-Ce) alkyl, R3 is H or (C;-Cs) alkyl, R3'is H or (C;-Ce) alkyl, and
R4 is (Ci1-Ce) alkyl, (Ci-Ce) alkoxy -O-(Co-Cp)-alkylene-(C3-Cs) cycloalkyl, -O-(Co-Ca2)-
alkylene-heterocycloalkyl, -NH-(Co-C2)-alkylene-(C3-Cs) cycloalkyl, or -NH-(Co-C2)-alkylene-
heterocycloalkyl.

[00173] In another embodiment, X; is CRe, X2 is CR7, X3 is CRs, X4 is CRo, Rs is H, R¢ is H,
(C1-Ce) alkyl, or halogen, R7 is H, (C1-Ce) alkyl, or halogen, Rs is H, (Ci-Ce) alkyl, or halogen,
Ro is H, (C;-Ce) alkyl, or halogen, R is H or (C;-Ce) alkyl, R3 is H or (Ci-Ce) alkyl, R3 is H or
(C1-Ce) alkyl, and R4 is -O-(Co-C»)-alkylene-(C3-Cg) cycloalkyl,
-O-(Co-C2)-alkylene-heterocycloalkyl, -NH-(Co-C2)-alkylene-(C3-Cs) cycloalkyl, or
-NH-(Co-C>)-alkylene-heterocycloalkyl.

[00174] Non-limiting illustrative compounds of the application include:
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-~
e

|

|-1. 5-{4-(3, E-dimethy - 1H-pyrazol- Ty libenzyl)-2-2
-isopropylpheny )T, S-dibydro-8H-purin-E-one

\@f

2. 2-(2-izopropylpyridin-3-y1}-0-(4-(1-methyl-4-t
rifluoremethyl}-1H-imidazol-2-yljbenzyl}-7 S-dihydr
o-2H-purin-8-one

k)

| ~(
= LQ‘P{;E

L3, 8-(4-(2H-1 2 3-triazok-2-yl)benzyl}-2-(2-isopro
pylpyridin-3-y|}-7 8-dihydro-8H-purin-g-one

1-4. S-[4-{2ZH-1,2, F-triszol-Z-y(jbenzy -2-(2-{diflu
oromethoegyjpyridin-3-y -7, S-dihydro-BH-purin-8-one

5. 8-{4-(2H-1,2 3-triazol-2-yl)benzyl}-2-(2-izobul
oxypyridin-3-yl)-7, S-dihydro-2H-purin-2-cne

|8, 2[4 1H-pyrazol-1-yljbenzy(-2-[2-zopropylohe
myl-T-methyl-T, 3-ditydro-8H-purin-B-one

&

|-T. 24~ 1H-pyrazol1-ylibenzyl-2-(2-isopropyipyr
idin-2-yT-T-methyl-T, 2-dihydro-EH-purin-B-ons

ﬁ
O-¢

|-8. 5-[4-{1H-pyrazol- -y benzy (-2 3-fluaro-2-iz0
propylpheny - T-methy -7, 3-dihydre-BH-purin-8-one

O3

|-5. 3-{4-[1H-pyrazok1-ylibenzyl}-2-{ - fluore-2-is0
prapylphenyl-T-methy -7, S-dihydro-SH-purin-S-one
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/I>=o

110, 8-{4-{* H-pyramol-1-yllbenzy()-2-[4-fluoro-2-iz
opropylphenyl}-T-methyl-T, S-dihydro-8H-purin-8-one

ﬁ
O

1. 8-{4-{1H-pyrazol-1-ylbenzy (-2 2-fluoro-E-is
opropylpheny }-T-methyl-T, S-dihydre-8H-purin-8-one

o
O

|-12. 3-{4-[1H-pyrazol-1-yljbenzy -2~ Z-izopropyipy
ridin-3-y -7, 3-dihydro-EH-purin-B-one

H
T
| N)zo
P
N/I M
Sy

M

'

1-13. {S}-5-{1-{4-1 H-pyrazok 1-yliphenyethyl-2-]
Z-isopropylpyridin-3-yI-T, S-dihydro-BH-purin-E-on=

H
T
| N>:o
-
=" | N

My
)
-

|-14. [R}-3-{1-{4-{1H-pyrazol-1-yiphenylathyl-2-]
Z-isopropylpyridin-3-y -7, S-dihydro-BH-purin-B-one

|-15. B-{4-[ZH-1,Z, T-trizzok-2-ylibenzyl-2-(4-fluor
o-2-isopropoyphenyl}-T, 3-dihydre-2H-purin-B-one

/I>=o
O 9

18, 9-(4-(2H-1 2 3-triazol-2-yljbenzyl}-2-(3-fluor
o-2-methoxyphenyl}-7 S-dihydro-8H-purin-8-one

/I\\OJ

|17, S-[4~[ 1 H-pyrazol-1-ylibenzy(-2-{4-izopropyipy
ridin-3-y[-T-methy -7, 3-dihydro-EH-purin-E-one

|-t 8. 3-{d-{1H-pyrazol1-ylbenzy -2-{2-(2 2, 2-trif
luoresthosy jpyrid ir—3—yl]—7._§:—: ihydro-BH-purin-B-on
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o
O

|-15. S-{4-{1H-pyrazol1-yjbenny(-2-{Z-sthoooypyrid
in-3-y}-T S-dihydro-EH-purin-E-ons

’I
SO0

1-20. 5[4~ H-pyrazok 1yl benzy[-2-{2-{Z-mathoxye
thoooyyphenyl}-T, 8-dihydro-BH-purin-B-one

\L .
M
0 i
-
o
H M

1. -{4-{ 1 H-pyrazob- 1=y oenTyl-2-{ 2-proparpnen
=7 S-didro-3H-purin-5-one

k22, 9-(4-[1H-pyrazok1-yljbenzyl}-2-(2-(2 2 2t
lueroethoxy)phenyl}-7 S-dihydro-8H-purin-g-on

L@

1-23. B-{4-[1H-pyrazol-1-ylibenzy-2-(2-{cyclopropy
Imethoy jpheny (-7, S-dihydro-BH-purin-2-one

|-24. 3-{[1R, Z5}-2-{4-[ 1 H-pyrazol-1-y(jphenylicychob
utyl}-2-(2+2,2, 2-trifluoroethosey)pyridin-2-yl)}-7,9
~dihydro-BH-purin-E-ons

H
M
| =0
N/ M
) L‘@\N/’ —

1-25. 5—{4—{ H-pyrazol-1-ylibenryl-2-(2, 2-difluorob
enzo[d][1, 3jdicxol-d-y -7, S-dihydro-8H-purin-S-one

S e
e

L26. 9-(4-(1-methyl4-(trifluoromethyl}-1H-imidaz o
-Z-ylibenzyl)}-2-(2-(2,2 2-trifluoroethoxy Jpyridin-3
-yl}-7,9-dihydro-8H-purin-&-one

N =
,-f

>=3
SO0

|-27. 5-{4-1H-pyrazol-1-y(benzy(-2-Z-2thyiphanyl
7 S-dihydro-BH-purin-B-one
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ons /I>=°
oo W log ¥ oy

|-28. 341 H-pyrazo-1-ylbenzy(}-2-{4-izopropyipy . . = id e
rimidin-E-y1}-7 3-dinydro-EH-purin-E-one |28, §-{¢-{1H-pyrazoh-1-ylibenzyl)-2-{-methyl-1H-i | +-20. 2-{2-cyclopropylpyridin-2yi-8-{4-{1-methyl-4
dol-T-yl}-T, S-dihydro-BH-purin-8-one {trifluoromethyT-1H-imidazol-2-ylibenzy(-T,5-dih

ydro-BH-purin-B-onz

: Sote ’I>=°
5 © L@«f O

1-31. 2H{2-{difluoromethy yphany(-3-{4- 1-methyl-4-

(trifluoromethyl-1H-midzzol-2lbenzyl-T 3dihy | 132, 2-(2-izopropylpyridin-3-y(}-9-[4-(1-[oxetan-3  1-33. 2{2-cychopropylpynidin-J-yl-3-{4-{1-joxetan-
dro-EH-purin-E-one yl-&-itriflucromethyl}-1H-imidazol-2-yl)benzyl)-7,|  3yf-4-{trifluoromathyl-1H-imidazol-2-yTibenzyl-

G-dihydro-8H-purin-2-one 7,5-dihydro-8H-purin-2-one

”/I ’j‘j’“lt% 300
SARt UNT I agt, U¥

o,
o
I
£
o i g R o4 e |-35. 2-2,2-difluvorobenzald][1, 3 dicsool-d-y [-3-{4-
134, 9-(4-{1-mathyl-4-{trifluoromethyl}-1H-imidazol | 1-35 Z-2-{difluoremsthoyjoymidin2-y1-5-{4-{1-me r-_Wnﬂ‘;j_{t,i-wﬂw:tr{,,ﬁ_[-H_'im,mé_ﬂ:rz
-2-ylbenzyl}-2-(1-methylindolin-7-yl}-7 9-dihydro- |  thyka-trifluoromethyl-1H-midszokZyfibenzyl-T | © T g o g S inone
BH-purin-2-one | S-dihyrdre-EH-purin-2-one s b
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o “./::[}o _ *’j - ﬁ ~
ok ot Y Oy

F37. 8-(4-(1-methyl-a-(trifluoromethyl}-1H-imidazol I-38, 2-(Z-scatylpheny(-3-(4-[1-mathyi-4-{trifluors

-Z-yljpenzyl}-2-(2-(triflueromethoxy)phenyl}-7.8-d1 | mathy (-1 H-imidzzok2oylbenzyl)-T S<dibydro-BH-pur | 1-39, 2-{Z-izopropylpyridin-Ty -S4 T-mathyl-5-{

hydro-EH-purin-2-one in-E-on2 trifluoromethy}-1H-pyrazok 1-yf)benzyl)- 7, S-difydr
o-BH-purin-g-one

So /I>=° t o

|-40. - Z-izopropylpyridin-3-yT)-S-{4-{ B-mathy -3 1-42. S-{4-{E-methyl-2-{triflucromethyl}-1H-pyrazol-
trifluoromathy-1H-pyrazob 1-ybanzyl- 7, S-dihydr T-ylbenzyl- 24242, 2, 2-triflucrcethoykpyridin-2-
o-BH-purin-E-one -7, B-dihydro-BH-purin-E-one

1-41. 8-{4-{F-methy-S-{trifluoramathy -1 H-pyrazol-
-y lbenzyl-2-{2-2, 2, 2-trifluarosthoxyjpyridin-2-
-7, S-dihydro-BH-purin-2-one

/I Yo ) _
Sl ook
Ot MG x| T

!

44, 2{f-methyl-1Hondazoh T-y -S4 -methybd- | |45 2 (1-methyk1H-indoh7-yl]-3-(4-(1-methyh-4-{t
(trifluoromethyl)-1H-imidazol 2-y{ibenzyl)-7, S-diky rifluoromethyl}-1H-imidazol-2-yljbenzyl)-7 S-dihydr

dro-BH-purin-8-one 0-BH-purin-g-ane

|-43. 2-[2-izopropylpyridin-3-y -3 4-{ 1 Z-mathay
ethyl-4-{trifluoromethy()-1H-imidazol-2-y fbenzy )
-7, 2-dihydro-EH-purin-B-one
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|-46. 2-{2-isopropylpyridin

H
N
>=:)

-3y d-[ 1 -mnathny - TH-
pyraznol-3-ylibenmyl)-7, S-dihydro-BH-purin-S-one

/N-“h"'

e
| Y=o
N | '
B /\-\\___,

|-47. 2-{4-{1, 4-dimethyl-1H-pyrazol-2-y [ benzyl-2-{
Z-isopropylpyridin-3-y (-7, S-dihydro-BH-purin-B-one

|-48. 2-{2-{difluoromethoxyjpyridin-2-y-T-methy -3
{4 1-methyl-4-{trifluoromethy - 1H-imidazol-2-yT)
benzy -7, S-dihydre-BH-purin-8-one

1-48. T-methyl-2-{4-{1-
-imidazok2-yibenay-2-{2-{trifluoromethondpheny
-7 /S-diihy dro-BH-purin-B-one

\@«f

methy-4-{triflucromethy-1H

!
o e
Ef/lﬁ
B
P
i

1-501. T-methyl-3-{4-{ 1-methyl-d-{trifluoromethy - 1H

-imidazokZ-ybenzyl)-2-(2-(Z 2, 2-trifluorosthaoy)
pyridin-3-y T, B-dihydro-BH-purin-B-one

121, Z-(2-izepropylpyridin-3-y[}-8-(1-{4-{1-methyl-
4&-(trifluoromethyl}-1H-imidazol-2-yljphenyljcyclopr

opyl}-7 S-dihydre-8H-purin-g-one

o €

|-52. 3-{4-[3-chloro-B-methyh-TH-pyrazol-1-ybanzy
- 2-izopropylpyrid ir-!g;}—?. S-dihyrdiro-BH-purin-
ne

”j:>=

O 8

1-53. B-[d-{E-chiore-Z-methy -1 H-pyrazol- 1-ylibenzyl
F2-{2-isopropyipyrid ir—}gg—'-’. B dihydro-BH-purin-
ne

@@

|-84. 2 2-izopropylpyridin-2-y -3 4-{ Z-mathy - 1H-
pyrrol-1-yTjbenay (-7, S-diydro-BH-purin-8-one
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L. :
5.
-

i

|55, {R)-2-{2-(1-mathocyethy ) phanyT-3-{4-[1-mathy
4-{trifluoromethy(}-1H-imidazol-2-y jbenzyl-7,5-
dihydre-8H-purin-8-one

-85, (S)2

1-4-{trif Il.amrratr_ylj—' H-imidszok-2-ylibenzyl)-T,5-

5
Y il
- )
e N
N M s
F T

{2 T-methoxyethyipheny[-3-{4-{ T-mathy
-;il'}f-:rb—SH—erir—E-—nra T

|-57. 2-{Z-fluoropyridin-3-yT-3-{4-[ 1-methyl-d-{tri
luoromethyT-1H-imidazok-2-ylibenzyl)- 7, S-divydro-

N
=
“ =

EH-purin-2-one

’I
op

|-58. S-{4-3-{difluaromathyT-S-methy-1H-pyrazal-

-1;rl‘.b=rr'_.f[,‘—2-{2-i5,n|:-rn|:ﬂ_.fl|:ryri: in-2-y T, 3-dihydro
-BH-purin-B-one

‘*@@«F

|-858. S-[4-[3-fluoro-T H-pyrazol-1-ylibenzyl-2-{2-is
opropylpyridin-2-y(-T, S-dihydro-BH-purin-E-ons

”]:>=o
O

|80, 2+ 2-izopropylpyridin-3-yl-3-{ 4+ S-methoy-3-
{trifluoromethyl-1H-pyrazol- 1-ylbenzy (-7, 3-dihyd
ro-EH-purin-g-ons

!
N
W
oes
4 N

-_:ih_.f-: ro-EH-purin-g-one

1461, Z-[Z-ethylpyridin-3-y - T-methy-3-[4-] 1-mathy
l-d-{trifluoromethy)- 1 H-imidazok-2-y ) benzy-T,3-

/?E

' Or®

J-:_il':.r-: ro-BH-purin-E-one

1-82. T-methy 34 1-methy4-{trifluoromethyl-1H
-imidazol-Z-ylbenzyl-2-[Z-methylpyridin-3-y -7 5

\ =

,>=o
L@«Y

183, 2-(Z-izopropylphenyl)-T-methy5-{4-{1-methyl
4-{trifluoromethyT-1H-imidaszok-2-y \benzyl)-T, 3-di
hydro-BH-purin-B-one
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L©~<:f*

54, 2 (Z-Ediﬂuurumethyl}pyridin-B—yl}-B—(e!-U-m_

h*,rl-.d-[triﬂuuru methyl}-1H-imidazol-2-yljbenzyl}-
S-dihydro-8H-purin-3-one

-éﬁ% |
~O~re

!

|55, 2-{3-flugro-Z-isopropylpheny (- T-methy-3-{4-
-methy -d-{trifluoromethy[-1H-imidszol-Z-ylibenzy
[-7 5-dihydro-EH-purin-g-ons

«ﬁ:\“
gy

58, 2-(8-fluoro-2-methylpyridin-3-yl}-T-methyl-8-
4-(1-methyl-4-(trifluoromethyl}-1H-imidazol-2-yljbe

nzyl}-T 9-dihydro-&H-purin-8-one

”I>=ﬂ
O

7 S-dihydro-8H-purin-8-one

|57 2-(5-fluoro-2-isopropylpyridin-3-y{j-9-(4-(1-m
ethyl-2-{trifluoromethyl}-1H-imidazol-2-yljbenzyl}-

'\ S

q

|28, 3-{4-3-zzetidin-1-y[-S-methy-1H-pyrazol1-

ylibenzyl-2-{2-isopropylpyridin-3-y -7, S-dihydro-
EH-purin-E-one

\AI \,
Oyt

158, 2-(5-fluoro-2-izopropylpyridin-3-yI}-7-methy-
{4-[1-methyl-&-triflucromethyl}-1H-imidazol-2-yl
jbenzyl}-7,9-dinydro-&H-purin-8-cne

'I>=o

dihydro-BH-purin-g-one

O

|-70. 2<{Z-zyclopropyipheny |- T-methyk5-(4-] 1-mathy
F4-{trifluoromethy - 1H-imidszol-2-yTibanzy(-7,5-

!
N

B
= p-
| =

=0
Ok

-7, 9-dihydro-8H-purin-g-one

71, 2-(2-cyclopropylpyridin-3-y[}-7-methyl-9-4-(
-methyl-4-(triflucromethyl}-1H-imidazol-2-yljbenzyl

F LQ%N%F

k72, 2-(2-(difluoromethyl)pyridin-3-yl)-7-methy 8-
(4-(1-methyl-d-(trifluoromethy(}-1H-imidazol-2-yl)b
enzyl}-7 S-dihydro-8H-purin-g-one
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|-73. Z-[B-mathoy-2-mrethylpyridin-2-y -53-{4-1-mat
hy-4-{triflucromethyT-1H-imidazol-2-y jbenzyl)-T,
Sdihydro-8H-purin-2-ons

Ij,ffl

|-T4. 2-{2-flworo-S-izopropoocypyridin-2-yl)-8-(4-]
mthy-d-{trifluoromathy -1 H-imidazol-2-y ) benzy|)

J*

|-T8. 2-{2-fluoro-G-methonypyridin-2-y [-3-{4-{ 1-mst
hyd-{trifleoramathy -1 H-imidszol-2-y banzy -7,

-T,8-dihydro-BH-purin-2-one

= N
| =2
=
‘4
J

!

B dihydro-EH-purin-S-ons

L78. 9-(4-(1-cyclopropyl-4-(trifluoromethyl}-1H-imi
dazol-2-yljbenzyl-2-2-isepropylpyridin-3-yI}-7 8-
dihydro-gH-purin-8-ane

S

=

W N : N
L@gk =

|-TT. 2{2-izopropylpyridin-3-y(-5-[4-5-marpholing
- triflworomethyl-1H-pyrazol 1-ylibenzyl)-7,9-di

S
SOk |
3

hydro-BH-purin-S-one

’I>=°
Oy

|-T8. 2-{2-izopropylpynidin-2-y[-2-{4-{ 3-mathay-5-
methy-1H-pyrazok1-ylbenzyl)-T S-dibydro-EH-purin
-B-one

H
3
| 0
= 2
o
. =
Wt
F

I-78. (R}-2-(2-izopropylpyridin-3-y[}-8-(1-{4-(1-met
hyl-d-(triflusromethyl}-1H-imidazol-2-yljphenyljeth

yl}-7 9-dihydro-8H-purin-8-one

H
N
| )
st

|80, (53)-2-(2-isopropylpyridin-3-yl}-8-(1-[4-[1-met
hyl-&-(triflusremethyl}-1H-imidazol-2-yljphenyl)jeth

/ILQ«Y

}3

281, 2-(2-izopropylpyridin-3-yl}-9-(4-{1-[methyl-d3
J-d-(triflueromethyl)-1H-imidazol-2-yl)benzyl}-7,9-
dihydro-8H-purin-8-one

yl}-7,9-dihydro-8H-purin-8-one
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|-82. 9-(3 S-difluoro-4-(1-methyl-&-(trifluoromethyl
}-1H-imidazol-2-yl)benzyl}-2-(2-isopropylpyridin-3-
yl}-7 9-dihydro-8H-purin-8-one

83, 8-(3-fluoro-4-{1-methyl-&-(trifluocromethyl}-1H
-imidazolkZ-ylibenzyl}-2-(Z-isopropylpyridin-3-yi}-

/2E>=G :
“CLo*

7,9-dihydro-8H-purin-8-one

H
N
(] o

l-24. 8-(2-fluoro-4-(1-methyl-&-trifluoromethyl}-1H
-imidazol-2-yljbenzyl}-2-(2-izsopropylpyridin-3-y(}-
T S-dihydro-8H-purin-2-one

‘. =

o

83, 9-(2 B-difluoro-4-(1-methy4-trifluoromethyl
}-1H-imidazok2-yl)benzyl}-2-(2-isopropylpyridin-3-
yl}-7,9-dihydro-8H-purin-g-one

o
O

|86, B-(4-(1-methyl-&-(trifluoromethyl}-1H-imidazol
-Z2-ylibenzyl}-2-(2-(methyisulfinyl)phenyl}-7 S-dihy

dro-8H-purin-8-onge

Xﬁ
@«ﬁ

|-BT. S-{4-{4-{difluaromethyl-1-mathy-1H-imidszol-
2-ylbenzyl-24{2-isopropylpyridin-2-yT-7, S-dihydr
o-EH-purin-2-one

pSeey
SOy

|-88. 2-{2-{difluoromethescy)pyridin-3-yl-5-{4-3-fl
wore-1 H-wrazﬂl-'-}rl}barr_'_.rnl*ﬁ—:':'j-: ihnydno-BH-purin-3

1-88. 2-{2-{difluoromethony)pheny-5-{4-(3-fluoro-1

H-pyrazol-1-ylbenzyl)-T S-dihydro-BH-purin-B-one

1-80. 24{2-{dimethylaminojpheny - 3-{4{ 1-methyt-d{
trifluoromethyl}-1H-imidazol-2-yYoenzy -7, 3-divyd
ro-BH-purin-g-one
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@@

187, 34T H-pyrazol- -y benzy(-2-{2-isopropyl-2
-methylpheny -7, S-dihydro-8H-purin-S-one

1-52. B-[4-{1H-pyrazol- -y benzy(-2- 2-izopropy -2

\‘@@

-.rratrox'_.rprar}fl,‘—T. S-dihydro-EH-purin-B-one

1-53.

C-
Oy

S-{4-[1H-pyrazal-1-yljbenzy -2 3-chloro-2-i2
opropyiphenyl)-T, 8-dihydro-8H-purin-E-one

N s

@@

124, 3-{4-[TH-pyrazol-1-ylbanzy(-2-2-cyclopropy]
pheny (T, 3-dihydro-BH-purin-8-ons

0
,f

N >=D
:j

-28. 5[4 H-pyrszol- 1y benzy (-2~ E-chloro-2-zy
clopropylpheny -7, S-dikydro-BH-purin-8-cne

1-88. S-{4-{1H-pyrazol-1-y(banzy -2 2-fluoroS-is.
opropylphemyl)-T S-divydro-8H-purin-8-one

(-

’I>=o
~Ogrt

158, 2-Z-cyclopropyipheny -S4 T-mathy-4-{trif
luoromethyl-1H-imidazol-2-ylbenzyl)-T, S-dibydro-8

-

ﬂﬁ

|-55, athyl 1-{4-([24Z-cyclopropylpheny -B-oxo-T.8
dibydro-SH-purin-S-y imathylphenyl-3-methy - H-p
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|-87. S-{d-{ 1H-pyrazol- 1=yl benzyl-2-{ 2-cyclopropy] -
-E-{triflucromethyTyphemyl)-7, S-dilydro-8H-purin-2- H-purin-E-ans
ane
yrazole-S-carbogylats
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i >=o

“@«f‘

1-100. T-cyclopropyh2-Z-cyclprapyipheny-3-4-1
-methy-d-{trifluoromathy (-1 H-imidszol-2-yibanzyl
T S-dihydro-BH-purin-S-one

7
Se

-

1-101. T-cyclopropyk2-{2-cyclopropylpyridin-2-y -3

=[d4-{ 1-mathy-d-{trifluoramethy -1 H-imidszok2-y 1)
benzyl-7, 2-dihydro-BH-purin-B-one

L@B

1-102. 5[4, B-dihydropyrroba[3 4-clpyrazol-1{4H)-
'_.fl*b=rr|_.f[‘-z.—{z.—|=nprn|:q,{lp_l‘5-:_';1,r[j-?.5—:ih_,f-:m—5H-|:-L.r
in-B-one

[-103. B-{4-{5 B2
ylibenzy(-24{3-fluore-2-isopropyipheny(}-T,8-dikyd
ro-BH-purin-E-ons

ihyrdropymoke]3,4-clpyrazol-1(4H}-

1-104. 3-[4-(5 B-d
ro-EH-purin-g-ons
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W
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iy dropyrrolo] 3, 4-clpyrazol-2{4H}-
ylibenzyl-2-{3-fluoro-2-isopropylpheny -7, 3-dikyd

\ i
_,

O

105, 2-(2-izepropylpyridin-3-yl}-7-methyl-8-(4-(1-
methyl-4-(triflucromethyl}-1H-imidazol-2-yljbenzyl)
-7,9-dihydro-8H-purin-2-one

thy-7 S-dibvydro-EH-purin-8-one

|-108, B-{d-{1-{2-hydroueyethyT-4-[trif luoromethyT}-
1H-imidazol-2-y(|benzy(}-2-[2-isopropylphany |- T-me

e

T

1-107. S-{4-1H-pyrazol1-ylibanzyl-T-(2-dimathyls
minojethyl-2-{2-isopropylpheny -7, 8-divydro-EH-pu
in-B-one

o
Oy X
O

1-108. 2-{Z-izopropylpyridin-2-y-T-mathyl-3-{1-{4-
{1-methyd-{trifluoromathyT-1H-imidazol-2-yliphan
yilieyclopropyly-T, S-dikydro-BH-purin-g-cne
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|-108. 84 3-{zz=tidin-1-y[}-E-methy k1 H-pyrazoli
-ylibenzyl-2-[2-izopropylpyridin-2-y - T-methy T,

S-dihydro-BH-purin-2-ons

g @g@

!

\I/;E%

¢

1-110. 2-{2-izopropylpheny - T-methy -3-{4-{ 1-[oxsta
n-3-y-d-{trifluoromethy (-1 H-imidazol-2-ylibenzy]
7. 8-dihydro-BH-purin-8-ons
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A
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[-111. B-{[[15 4=}-4-2, Edimethy - 1 H-pyrazok 1yl
yokohesyimathy(-2-{2-isopropyipheny - T-methy-T,

S-dihydro-8H-purin-B-one

s

-1 2. B{{1r 4r}-443, Sdimathy -1 H-pyrazol- 1y
yekohexylymethyl}-2-{24sopropyiphenyl-T-methyl-T,

/
e
L
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1113, 2-{Z-i=opropylpyridin-3-y[-T-methy 245
methyl-3-{trifluoramethy - 1H-pyrazok 1-ybeney -
T, 3-dihydro-BH-purin-g-ons
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y

1-114. S-{4-{1-cyclopropy-4-{trifluaromethy (- 1H-im
idazok2-ybenzyl-2-(2-isopropy|pyridin-3-y - T-m
ethyhT,S-dihydro-BH-purin-S-one

115, (R}-2-(2-izopropylpyridin-3-ylj-7-methyl-9-(1
-(4-{1-methy4-(triflucromethyl}-1H-imidazel-2-yl)
phenyljethyl}-7 S-dihydro-8H-purin-g-one

118, (3 )}-2-(2-izopropylpyridin-3-yl}-7-methy-8-(1
-[4-(1-methyl-&-trifluoromethyl}-1H-imidazol-2-yl)
phenyljethyl}-7 S-dihydro-8H-purin-g-one

S-dihydro-8H-purin-8-one
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|-117. 2-{2-isopropylpyridin-3-y - T-mathy-5-{4-{5-
maorpholinge-3-{trifluoromethyl)-1H-pyrazol-1-yljbenz
-7 S-dihydre-EH-purin-B-one
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1-120. 2+ 2-izopropylpyridin-2-yT-T-{2-methogyrethyl

]—5—{:1—{'-rratkyH—{tri"ch-rc-rratl‘ylj—' H-imidszal-2-
ylibenzyl- T, S-dihydro-BH-purin-8-one

Q

1-118. 2-[2-isopropylpyridin-2-y[-5-4- 3-methoy-5
-methyl-1H-pyrazol-1-yfibenzyl-T-methyl-T Sditydr | 119, 2-(2-isopropyipyridin-3-yl)}-8-(4-(1-methyl-4-
o-BH-purin-f-one itrifluoromethyl-1H-imidazol-2-y(benzyl)-7-{oxeta
n-3-yl}-7 S-dihydro-8H-purin-8-one
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121, 7-(1,1-dioxidothigtan-2-yl}-2-(2-izopropylpyr | F122. 2-[2-izopropylpyridin-2-yI-8-(4-(1-methyl-4-
idin-3-y1}-8-(4-(1-methyl-4-(triflucromethyll-1H-im | (triflucromethyl}-1H-imidazol-2-yljbenzyl}-7-(tetra
idazok2-ylbenzyl)-7 S-dihydro-8H-purin-8-one hydro-2H-pyran-4-yl}-7 S-dihydro-8H-purin-8-one

|-123. T-{2-mydroocyethyl-2-[2-izopropylpyridin-3-y

]—5—{:1-{'-rratl'}fl—Htri"anrnrratr}rl,‘—' H-imidazal-2-
ylbenzyl)-T,8-dihydro-EH-purin-8-one

D* ok | M gk

1285, 9-(3,5-difluoro-4-(1-methyh-4-(irifluoromethy | -126. 8-(3-fluoro-a-(1-methyl-2-(trifluoromethyl}-1
I}-1H-imidazok-2-yljbenzyl}-2-(Z-isopropylpyridin-3 | H-imidazok2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)
-yl}-7-methyl- 9-dihydro-8H-purin-2-one -T-methy-7 9-dinydro-&H-purin-g-one

l-124. 2-Z-isepropylpyridin-3-yl}-7-methyl-9-(4-(1-
(oxetan-3-ylj-4-(trifluaromethyl}-1H-imidazel-2-yl)
benzyl}-7 S-dihydro-8H-purin-&-one
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F127. 8-[2-fluoro-4-(1-methyl-&-(triflucromethyl}-1 | [}
H-imidazol-2-yljbenzyl}-2-(2-isopropylpyridin-3-yl)
-T-methyl-7 8-dihydro-&H-purin-8-one

““‘I
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28. 9-(2 B-difluoro-&-(1-methyl-&-(trifluoromethy
1H-imidazol-2-ylbenzyl}-2-(2-isopropylpyridin-3
-yl}-7-methyl-7 S-dihydro-8H-purin-g-one

129, 2-(2-isopropylpyridin-3-y(}-7-(methylkd3)-9-(
&-(1-methyl-d-(trifluoromethyl}-1H-imidazel-2-yljbe

B
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“Ov¥

£

nzyl}-7 9-dihydro-8H-purin-8-one

D
D
N
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H130. 2-(2-isopropylpyridin-3-yl}-7-(methyl-d3)-9-(
ylibenzyl}-7 9-dinydro-8H-purin-8-one

401 trnéthyl—d3}-4—(triﬂuurumethyl}-1H-|n1|dazul-2-

‘/‘I
j*
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131, 2-(2-izopropylpyridin-2-ylj-7-methyl-8-(4-(1-
(methyl-d3}-4-{triflucromethy(}-1H-imidazok2-yljbe
nzyl}-7,9-dihydro-8H-purin-8-one

!
R
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R -2+ 2Hrpnayroger 24 ey -T-mefny -9
~[4-[1= 'rE"TI-i—’“rﬂJ:-ro’rE"Tl 1H-Imidazok-2-)
penzyl}-7 S-didno-aH-purk-E-one
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7 S-dibvydro-EH-purin-8-one

1-133. T-methyt3-{4{1-methy-4-{trifluoromethy T}
H-imidazok-2-ylibenzy()-2-{2-morpholinopyridin-3-y1

134, 2-(2-(3-fluoroazetidin-1-yljpyridin-3-yl}-7-
gthyl-8-(4-{1-methyl-4-(triflueromethyl)-1H-imidazo
l-2-yljbenzyl}-7 S-dihydro-8H-purin-2-one

s
|'_, . o
]
'D(FLO‘('ELF
£

135, 2-2-(3 3-difluoroazetidin-1-ylpyridin-3-yl)
-T-methyl-9-(4-( 1-methyl-&-(trifluoromethylj-1H-imi
dazok-2-yljbenzyl-7 S-dihydro-8H-purin-3-one
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138, T-methy-9-{4-(1-methyl-d-(trifluoromethyl}-1
H-imidazok-2-yljbenzyl}-2-(2-(3-(trifluoromethyljaz
etidin 1-',.rl}pl,rridin-3—:.f|}-g,9-dihydru-BH-purin-E-un

1-137. 24 2-cyclopropoaypynidin-J-yT-T-methyF5-{4-
-methyd-{triflusromethy (- 1H-imidazol-2-ylibenz

’I

O

yi-T S-dihyrdire-EH-purin-g-one

|-138. 2-{Z-isopropylpheny -3-[4-(T-mathyl-4-[trifl
uaromethyl-1H-imidazok2-yljbenzy (-7, 8-dihydro-BH

’I>ao
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-purin--ong
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139, 8-{4-(1H-1,2 HriazoH1-yljbenzyl}-2-(2-izop

fupylphenyl};-?",a-d ihydro-8H-purin-8-one
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Nl/iN>=D
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140, 8-(4-(2H-1 2 3riazol-2-yljbenzyl}-2-(2-is0p
repylphenyl)-7 8-dihydro-8H-purin-8-one

N
@\“

[-141. [S}3-{1-(4-{ZH-1,Z, I-trizzal-Z-yTphenyleth
ylj-2-{Z-isopropylpheny -7, 3-dikydro-BH-purin-&-on

M
Q;x“
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I-142. (R}-S-{1-{4-{2H-1,2, 3-trizzok2-yTiphemyTeth

ZI

“‘O

F143. 2-(2-i=opropylphenyl}-8-((1-(pyridin-3-yl)pip
eridin-2-yljmethyl}-7 S-dihydro-8H-purin-8-one

H
N
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W& N
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\
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|-144. 2+ 2-izopropylpheny 8- 1-{pyridin-3-yTjpips
ridin-4-y -7, 3-dihydro-BH-purin-2-one

-1 -L'l. .l_- L
yl-2-{2-isopropylpheny -7, B-dihydro-BH-purin-8-on
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|-145. 34+ 1H-pyrazol-1-yTbenzyl-2-{2-izopropylp
henyl}-T, 5-dihydro-BH-purin-B-one

L~

1-148. S-{{B{ 1H-pyrazob1-ylpyridin-2-ylimathy (-2
~{2-isopropylpheny (-7, 3-dihydro-BH-purin-B-one

éi?lfﬁ

|-147. {B}-3-{1-{4-{1H-1,2 -trizzol-1-y T phenyleth
yl}-2-{2-izopropyipheny(}-T, S-dikydro-EH-purin-B-on

é@fﬁ%ﬂ

|-148. {R-E-(1-4-1H-1 2 -trizzol-1-y ] phenyljeth
yl-2-{2-izopropyipheny(}-T, 3-dihydro-BH-purin-8-on

I-148. 2-{Z-isopropylpheny 544 3 trifluoromethy
I-1H-pyrazol1 -}rlj-barryl,'—'-;,__li‘-: iydro-EH-purin-B-o

|-180. 24 Z-izopropylphany-5-{4-[S-mathyl-1, 3, 4-ox
adiszol-Z-yTbenzyl)-T,3-dinydro-BH-purin-E-ons

H
N
N/I )
""-\N N

|-181. 4-[[2-[2-izopropyipheny j-B-omo-T E-dikydro-3
H-purin-3-yymethyybenzonitrile

N
[ =0
= N
/N“‘::u

|-182. 2-[2-isopropyipheny -3-{4-[S-methyl-1,Z, 4-0x
adiszol-2-yTibenzy()-T, B-dihydro-EH-purin-E-ons

Scavge

I-153. 2-{2-izopropyipheny(-3-(4-[morpholinomethyT)
benzyl)-T, S-dihydro-EH-purin-B-one
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154, 8-(4-[1H-1,2 4-triazel-1-yl)benzyl)-2-(2-z0p
repylphenyl}-7 S-dihydro-2H-purin-2-one

|-1585. (R}-2-[2-izopropylpheny -5 1-phenylethy -7

S-dihvydro-BH-purin-B-one

I-188. (8)-2-{2-izopropyipheny-3-{ 1-phenylethy -7
B-dihydro-BH-purin-2-ons

”’?E>=a
A%

[-187. {853 1-{4{1H-pyrazol 1-ylphenylethyl)-2-
(2-isopropyiphemyT)-T,S-dikydro-BH-purin-B-one

“’I>=a
%"

I-158. (R34 1H-pyrazoh 1-ylphenylethyl-2-
(2-isopropylphenyl)-7, 5-dihydro-BH-purin-B-one

ﬂl.z

1-159. {R}-3-{chroman-4-yl-2-{2-isopropylphenyl}-T,
S-dihydro-BH-purin-B-one

= H
g0
N N
)

/

|-180. Z-[Z-isopropypheny-3-(4-{1-methyl-TH-imida
zok2-ylibenzy(}-T,S-dihydro-8H-purin-8-one

L

N
\!
N

51, 2+ 2-isopropylphenyl-3-{2-( 1-{pyridin-3-ylip
ipridin-d-yiethy (-7, 3-dihydre-BH-purin-B-ons

-
o

|-182. B-{2-chloro-4-{ TH-pyrazob1-yljbenzyl)-2-(2-
sopropyiphenyl}-T, S-ditydro-BH-purin-E-one
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I-183. 5-{{1R., 25}-2-[4-{1H-pyrazol- 1-y iphenylicyclo
bu t:,rl,‘—z-{.?.-iaopmwlprar%l;—j S-dihydro-EH-purin-8

oo

|-154. 3-{{15, 2R}-2-{4-{1H-pyrazok1-yliphenyleycke
o ry[j—E—{E—iaopmwlpl'arﬂr‘_—:':'. S-dihydro-BH-purin-B

(Y

F N=N

185, 8-(4-[1H-1,2,3-triazel-1-yljbenzyl}-2-(3-fluo
ro-2-isopropylphenyl}-7 S-dihydro-2H-purin-8-one

H

'\‘_‘ N
L=

Y

ﬂfﬁ

168, 8-(4-(2H-1,2,3-triazol-2-vljbenzyl}-2-(3-flue
ro-Z-isopropylphenyl)-7 S-dihydro-2H-purin-8-cne

-
O

I-187. 8-{2-fluoro-4-{1H-pyrazoh1-ybenzyl}-2-{2-
sopropylphenyl)-7, S-dibydro-EH-purin-B-one

.

0

k@« X
EN-‘—'-N

|-168. 24{2-isopropylpheny -5-{4-{5-methy-2H-tetra
zok2-ylibenzyl}-7,S-ditydro-EH-purin-B-one

N7

x>=3

O

|-188. 2+{2-isopropyiphenyl-5-{4-{oxazol-2-yljbenzy
-7 S-ditvydro-EH-purin-E-one

I

E. o

”>=:,

1-170. {4 1H-pyrazol-1-y jbenzy -2 3 fluoro-2-i
sopropylphemy(}-T,5-dilydro-BH-purin-8-one

&?Efﬁ

|-171. S-benzyk2-{2-izopropylpheny -7, S-dihydro-EH
-purin-g-ong
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|-172. 24{3-flwore-2-izopropylpheny(-53-[4-{ 1-mathy
-1H-imidazok2-ylbenzy T, S-dihydro-5H-purin-2-on

J

-
OV

NS
| i
W

|-173. 2-{Z-izopropylphany|)-3-[4- 3-{d4-methy|pipers
Zin-1-yl-TH-pyrazol-1-yljbenzyl)-7, S-dihydro-8H-pu
rin-B-one

e

SOV

1-174. 2+ 2-isopropylphenyT-3-{4-{3-marpholine-1H-p
yrazok-ylibenzy(-T, S-diydre-BH-purin-B-one

N

\___.{

|-175. 2-[2-izopropyipheny -8-(4-{4-mathy |- 1H-1,2,3
-triazoH-yljbenzy}- T, 9-ditydro-EH-purin-G-one

|-178. 3-{4-[E-fluoro-1-methyl-1H-imidszol-Z-ylibenz
yE—Z—{E—iaaprowlpraryfj—?.g-:il"_.r-:ro—E-H-erir—B—c-r

-
O

|-177. 8- 3-fluoro-4-{1H-pyrazok 1-y(\benzyl)-2-(2-
sopropyiphemyl}-T,5-divydro-BH-purin-8-one

H

N N
| )=0

N

|-178. {R}-5-{1-{4-Flucropheny Tethyll-2-{2-isopropy
Iphenyl}-T S-dihydro-BH-purin-E-ons

H

NN
| =0

N" M

1-178, (S5 1-{4-Flucrophemy ety -2+ 2-isopropy
Iphemy(-T B-dihydro-EH-purin-B-one

H
-
| >|=D
-
N
H

|-180. {5)-5-{1-[4-Fluorophenmy-2-hydrosgyethy (-2
2-isopropylpheny -7, 3-dihydro-EH-purin-E-one
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1-181. [B)-8-{2-hydrosgy-1-phanylethy-2- 2-izopropy
Ipheny -7, S-dihydro-BH-purin-B-one

o

L@S

|-182. 2-[2-izopropylpheny -3-{{1-methyl-1H-benzo]d
Jimidazol-B-yTymethyl)-7, B-dihydro-BH-purin-B-one

H
e

| =0
N/ M

|-183. 2-{2-izopropyipheny -B-{4-[mathylsulfonylibe
nzy T, S-dibydro-EH-purin-S-one

|-184. Z-[2-izopropylphenylp-3-{4-[E-methy-1H-pyraz
ok 1-yljbenzyl)-T, S-dihydro-EH-purin-8-one

O
N
\‘Q‘ A
>,—=J

|-185. 2-[Z-izopropylpheny|)-3-(4-[B-mathyl-1H-1,2,3
-trizzol-1-ylibenzy -7, 2-dihydro-BH-purin-E-ons

N
-
o
N N

|-185. Z-{2-izopropylpheny -5 2-methyl- -caoizoin
dolin-E-y[ymethy -7, 2-dihydre-BH-purin-8-one

4
S
=
o M
M

0]

|-187. B-{{2-{2-izopropyipheny -B-ooo-T B-dihydro-3
H-purin-3-yTmethy(-2-methyl-3, 4-dihydroisoguinoli
n-1{2H}-cne

@xv

|-188. 2-[3-fluoro-Z-isopropyiphenyT-5-{4-{E-methyl
-1,2, 4-coead iazak}yﬂ-barrs'_:rg—?. B-dihydro-BH-purin-
ns

¥ M

1-183. 2-{3-fluoro-Z-isopropylpheny -5-{4-{5-mathy|
1,3 4-oxadizzol-Z-yTibenzy (-7, B-dihydro-EH-purin-
B-one

139258290 v1
05/20/20

91




FOTH-026/01WO (314575-2221)

éﬁiﬁ%ﬁ

f—n

|-150. {R}-3-{1-{4-{2 E-dimathyl-1H-pyrazol-1-yliphe
nyTethyll-2-2-isopropyliphenyl)-T, S-dihydro-EH-pur
in H

I-181. Ui
myTjethyl-2-{Z-izopropylpheny T, S-diydro-5H-pur

X0

M—n

(5)-3-{1-[4-{2, E-dimethyl-1 H-pr:,r_razol-' -yliphe

in-E-ane

|-182. 2-{Z-izopropyiphanyl-3-{4-{1 {oxatan-2-y (-4
~{trifluoramethyT-1H-imidszol-2-yibenzy (-7 5-dih

H
v
ol
<

yidro-8H-purin-S-one

W X
gjﬁ’uﬂ :
C

/

’I>=o
O

I-184. 2-(2-izopropyipheny 54 5-methyl-3-{trifl
uoromethyl)-1H-pyrazol-1-yibenzy -7, 3-dikydno-BH-

(-
Oy

1-125. 2-{2-isopropyipheny-3-{4-{3-methyh-5-{trifl
woromethy - 1 H-pyrazol-1-yTbenzyl)-T, S-dihydro-BH-

H
¥ x N>=a

o

196, 1-{d4~({2-{2-Is0pnopyionenyl}-5-0no-7 &-dldr
0BT e gneny - 1=y razole--canan
Frlke

N
o

[-153. 243-fluoro-2-isopropyiphenyT-3-{4+{1-methyl
-4-{trifluaromethyl)-1H-imidazol-2-yTjbenzy()-7,2-d
itydro-EH-purin-g-one purin-G-one
purin-B-one
\ e

87, 843-{1H-pyrazol-1-ybenzy -2+ 2-isopropyip
henyl)-T,5-dihydro-BH-purin-B-ons

@j

|-128. 5-[4-{4-chloro-1-methy -1 H-imidszol-2-ybanz
yl-2-{Z-izopropyipheny )T, S-dihydro-BH-purin-g-on
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|-185, 1-[4-{[2-[2-zopropyipheny-E-coo-T, B-dihyd
azoke-1, 5-dica

o-5H i:-l.rir By imethyT)phany)-1H-pyrazole-3, 5-d
rbonitrike

.{—@ﬁ/

1-200. 5-[4-[2 S-dimethyloazol-4-ybenzyl}-2-(2-iz
opropylphenyl}-7,5-dihydre-BH-purin-B-one

[-201. 2-{3-fluorp-2-isopropyipheny -3-(4-1-[oxats
-3y triflworomethy -1 H-imidszol 2y ibanzyl
T, B-dihyrdro-BH-purin-B-one

/I\@@/

-E-one

C-
Oy

1-203. S{{5-{1, -dimethy 1 H-imidazol-2-y(pyridin-
Tyymethyl-2-{2-isopropylpheny -7, 3-dilydro-BH-p

<204 2~ 2-lnroy eyl -3- 4 3-meman- 150y
2a-1-yTbenmy -7 S-didno-3H-puri-5-one

1-202. 2-{3-fluoro-2-isopropyiphemy(-3-(4-{4-methyl
-{ooeetan-2-yT-1H-imidazol- 2yl benayl)-T, B-dihyd wrin
ro-BH-purin-G-one
H
N N ;
>=U o N
I P
N

rin

ﬂxﬁ

<205, 2-{Z-izopropylpheny -84+ Z-mathyl-S-omo-2,
E-dihydro-1H-pyrazol-1 -yl‘_g_ngzyr_'.f Sditvydro-BH-pu

Oy

ey ) R e
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ihyrdro-BH-purin-B-one

\

B-dihydro-BH-purin-B-one

(s

1-313. 2-[2-{isopropylamina)pyridin-3-yT-3-{4-1-me
thy-4-{trifluoromethyT)-1H-imidazol-2-yjbenzy (-7

4

-7, B-dihydro-BH-purin-8-one

1-314, 2-{2-{cyclopropylamina)pyridin-3-yT-5-4-]
methyr-d-{triflworomethy ()1 H-imidazol-2-y jbenzy ()

[-315. 2-{2-{[2-ethoxyethylaminojpyridin-2-y -84
[ 1-mathy--4-{trifluoromathy (-1 H-imidazol-2-yTjben
zyl}-T B-dihydro-EH-purin-E-one
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1-318. 2-[2-[zyclobutylamino)pyridin-2-yT)-5-{4-{ 1-m
ethyl-d-{trifluoromethyT)- 1 H-imidazol-Z-yTjbenzy -
T 9-diydro-BH-purin-B-one

u_

o
P

)::

“©ﬁ*

1-317. 2424{{1-methogypropan-2-ylaminojpyridin-2-y
[-5-{4-{1-mathyl-4-{trifluoromethy (-1 H-imidszol-2
~ylibenzyl)-T, S-dilydro-BH-purin--one

1-318. W, N-dimathyl-2-[| 3-{3-(4-{1-mathyl-4-{triflua
romethy - T H-imidazol-2-yl\benzyT}-B-oeco-8, 3-diydr

"\.,
r

>=3

Ot

o-TH-purin-Z-ylypyridin-2-yliamino)jacstamide

Qi
e

1-319. {R2424{1-methonypropan-2-ylamino)pyridin
-3y T84 1 -methy-4-{trifluoromethy (- 1H-imidaz
ok2-ylibenzyl)-T, S-dihydro-EH-purin--one

o
\-\‘\;
| J =0
v’l i =
= /.f -
/

1-320. S4{4{1-methy-H{triflucromethy -1 H-imidazo
k2-yljbenzyly-2-2-{{{tetrahydrofuran-2-y[imethyl)
aminajpyridin-3-yl}-7, S-dihydro-EH-purin-E-cne

ﬁ%f

1-321. {4 1-methyhd-{triflucromethyT-1H-imidazo
k2-ylibenzy(-2-2-tetrahydro-ZH-pyran-d-yliamin
afpyridin-3-y[-T, 8-diydro-EH-purin-B-one

ojpyridin-2-y [T, 5-dihydro-8H-purin-B-one

oot ¥y

1-322. (S84 1-methy-4-{trifluoromethyT-1H-imi
dazob2-ylbenzyl-2-4{2-{{tetrahydrofuran-I-yTamin

!

S-ditydro-EH-purin-B-one

|-323. 2-[Z-[dimethylaming)pyridin-3-y-3-{4-[1-met
hay-d-{triflucromethy -1 H-imidazob-2-y(jbanzyl}-7,

T

|-324. Z-{2-{digthylamina)pyridin-3-y (-5-(4-{ T -math
yhd-{trifluoromethyT)-1H-imidazol-2-ylbenzyl)-7.9
-ditvydro-8H-purin-&-cne
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|-325. B-{d-{1-methyl-4-[trifluoromethy -1 H-imidszo
l2-yTibenzy(-2-{2-[pymolidin-1-yTpyridin-2-y -

'-".JS'-: ibydro-BH-purin-8-cne

=328, 34 1-methybd{trifluoromethyl}-1 H-imidazo
F2-ylbenzyl}-2-{24{piperidin-1-ylpyridin-2-y - T

i RN O e N
= ,‘:):c' P >'='3' N N
F v"l N~ H = P
H g " F N
fj*— « L@{j,k g
/! ;
!

.JE‘-: iydro-EH-purin-B-one

[-32T .».-{2—{{Z-rratl'ax'_.fath_.rl}[rratl'}rljurr|rc: pyridin 3

<y I-3-[4-{ 1-methyl-d-{trifluoromethyT-1H-imidazal
-Z-yTbenzyl)-7, 5-dihydro-BH-purin-B-one

TN
S
wooh =
P
i
/

(5\\..‘
< LQ«D*

|-328. B-{d-{1-methyl-4-[trifluoromethy (-1 H-imidszo
l-2-yTybenzy|}-2-[2-[4-methylpiperazin-1-ylpyridin
-3-yT)-T, 3-dihydro-BH-purin-B-one

N Ry
| | J=o
L
\-"'l M
ety

-

!

325, 84 1-methy-4-{trifloramethyl}-1H-imidazo

I-;-;,r[‘b=-rryl]—E—{E—{Htri"ll.amrrath_.fl‘ piperidin-

=y lypyridin-3-y -7, S-dihydro-EH-purin-B-one

1-330. 2-{2-{isopropy{methyTjaminojpyridin-2-y -
(4 1-methy-4-{trifluoromethy -1 H-imidazok-2-y )b

_-'-rryI]-'l'j-: itvydre-BH-purin--one

.

/

1-331. Z-{Z-{=thyl{methyTamino)oyridin-3-y -3-(4-]
-methy-4-{trifluoromethy(-1H-imidszol-2-ybenzy
-7, 9-ditvydro-EH-purin-8-one

r‘

>=G

.-’

332, 2-(2-(methyl(2 2 2-triflucroethyljamino jpyrid
in-3-yl}-9-(4-(1-methyl-4-(trifluoromethyl}-1H-imid
azol-2-yljpenzyl}-7 9-dihydro-8H-purin-2-one

O

1-333. 84 1-methy{trifluoromethyl-1H-imidazo
l-2-y benzy}-2-{2-morpholinopyridin-3-yI)-T, 3-dih
ydro-BH-purin-8-one
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l-334. 2-(2-(3-fluoroazetidin-1-yljpyridin-3-y[}-8-
4-(1-methyl-4-trifluoromethyl}-1H-imidazol-2-yljbe
nzyl}-7 9-dihydro-8H-purin-8-one

}-335. 2-(2-(azetidin-1-yl)pyridin-3-yI}-0-(4-(1-met
hy-4-{trifluoremethyl}-1H-imidazok2-yljbenzyl}-7,
S-dihydro-8H-purin-8-cne

\Aj: -
Ot

1-338. 2-(2-(3,3-difluoroazetidin-1-yl)pyridin-3-yl}
S-(4-{1-methyl-4-(trifluoromethyl}-1H-imidazok-2-y
l)benzyl)-7 9-dihydro-BH-purin-8-one

Ce_
O

|-337. 8-(4-{1-methyl-d-{trifluoromethy(}-1H-imidazo
l-Z-ylibenzyl)-2-{2-3-{trif luoromethyTazstidin-1-
ylipyridin-3-y[}-T,5-dihydro-EH-purin-B-one

TI}O

1-338. 5-{4-{4{2-aminopropan-2-yT-1H-1,2, I-trizzol
-1-yljbenzyl}-2-[Z-izopropylpheny -7 S-dihydro-BH-
purin-B-ons

[-333, S-{4-{d{{dimethylamino)methyl-1H-1,2, 3-tria
zok1-yTjbenzyl)-2-{2-isopropylpheny )T, S-dihydro-
EH-purin-g-ons

e

M
L‘©~\R
b=
=

1-340. 2-{Z-isopropyiphenyl-5-{4-{4-phenyl-1H-1,2,2
-trizzol-1-yljbenzyl)-7, 3-dihydro-EH-purin-E-one

Q-
O

-341. 2+ 2-lsnmrogylaneny -3 4[4[ -memarmnany
I-1H-1.2. 3zl 1-)oenyl)-7 S-dirpdno-3H-par
-Eoe

’IL@A{F_

=342, S-{d-{d-{2-hydroagyrethyl-1H-1,2 3-triazob-1-y
I}barryfj-z-{z-isoprowlprﬂfj—?.5—:ih_.r-: ro-BH-puri
n-g-one
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1-343. B-[4-[4-cyclopropyl-1H-1,2, 3-trizzol- Ty jben
Tyl-2-{2-isopropylphenyl)-7, S-dihydro-BH-purin-B-o
ne

-

|-344, 2-(2-izopropyipheny -5-{4-{4-[methogrmethy ]
-1H-1,2, 3-trizzol1 -}rﬁ-ba_g_zgflj—'-’j-: ihydro-BH-purin
ne

\f\I}“

1-345, 3-[4-{d-{Z-hyrdroogy propan-2-yT-1H-1,2, 3-triaz
ok 1-ylbenzyl-2-(2-isopropylphenyl}-T, S-ditydro-&
H-purin-g-one

\:\I}“
O~

|-343. S-[d4-{4-[[diethylzminojmethyl-1H-1,2, 3-trisz
oy jbenmyl}-2-2-isopropyiphenyl}-T, S-dikydro-8

N s

[ =0
-

N

1-2347. (R)-5-{d-{4-{1-hydrozoyethy - 1H-1,2, 3-trizzol
-1-yljbenzyl}-2-Z-izopropyiphenyT)-T, 3-dihydro-EH-

1-348. 3-(4-{4-{Z-aminopentan-2-y[-1H-1,2, I-triazol
-1-yibenzyl-2-{2-isopropylpheny ()7, S-dihydro-BH-
purin-8-one

H-purin-8-one purin-B-cne
N N N H
=
o =0 [ )=> ! [ =0
W N = W * Q‘E-”'O "\-.N N
H
S L‘@_\/y i
- i
=
]

|-345, 2-[2-izopropyipheny(-3-{4-[4-{pyridin-Z-y -
1H-1 .2.3—triaz{:-l-'-'_.fl}barzgf_l‘jj—'-’j-:il'}r-: ro-BH-purin-
ne

1-380. 2-[2-isopropyipheny -5-[4-{4-{{methylsulfony
imethyl}-1H-1,2, 3-triszok 1y benzyl}-T, 3-dimydro
-EH-purin-B-ona

1-351. 4-[[2-{2-isopropyipheny -E-mo-T, E-dinydro-3
H-purin-3-yimethy(-M-methylbenzamide
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2

|-382. 4-{{2-{Z-izopropylpheny(j-E-omo-T, B-dihydro-3)
H-purin-S-y [imethyl-M-{2-methoxyethylbenzamid

L@w“‘ﬂ

1-383. N-cyclopropyt-4-{{2-{2-isopropyiphenyT-B-omo|
-1, B-dihydro-3H-purin-3-ylimethyjbenzamids

5%

1-354, N-{4-fluorobenzylj-4-{{2-[2-izopropyipheny -
B-omeo-T, B-diydro-8H-purin-3-ylimethyjbenzamide

H

=l

$as
W N

|-3585, 44{{2-[2-izopropyipheny -E-ome-T, E-dihydro-5)
H-purin-S-ylimathy-N, N-dimethylbenzamids

5%
ol

|-388, M-izopropyl-4-{{2-{2-izopropylpheny-E-ome-T
E-dihydro-SH-purin-S-yimethyibenzamide

’I>-=e
O

|-357. M-isobutyl-4-{(2-{2-isopropyipheny-B-coo-T,
E-dihydro-SH-purin-S-yTimathyljbenzamide

Y=o
O«

|-358. M-zyclopenty-d-{{2-[2-izopropylpheny-B-am
-7, B-dihydro-SH-purin-S-yimethybenzamide

’I

|-388, 4-[[2-Z-isopropylphany(-E-ooo-T, B-dihydro-3
H-purin-S-yimathyl-MN-{ 1-phenylcyclopentyibenzan

|-380. 4-{{2-2-izopropylpheny-E-oeo-T, B-dihydro-3
H-purin-S-yimathy-M-{[1-mathy- T H-imidazal-2-y 1)
methyTjbenzamide
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1-381. 4-{{2-{2-izopropylpheny(-E-omo-T, B-dihydro-3)
H-purin-S-ylimethy [-M-({ T-methy - 1H-pyrazol-4-y T
athylib=nzamide

éfl

1-382. N, M-digthyl-4-{{2-Z-izopropylpheny-E-omo-T
B-dihydro-SH-purin-S-y imethybenzamide

-

D

o

1-383. 2+ 2-izopropylphany(-5-{4-[morpholine-d-carh
onylybenzyl)-T,S-dihydro-BH-purin-B-ons

.>=o

SO0

354, Ny 4~ [2-( 2-sonropyipneny | -E-au-

N

1328, M-{4-fluorobenzy -4-({2-2-izopropylpheny -
B-ooco-T B-dihvydro-SH-purin-3-yTimethyT-N-mathylben

O

|-338. 2-[Z-izopropylphany-5-{4-[4-mathylpipzridin

1387 4-{{2-{2-izopropylphanyl-E-coon-T, E-dihydro-5)
H-purin-2-ymathyl-M-mathy-N-{tetrahydro-2H-py)
n-4-yibenzamids

|-338, 2-[2-isopropylpheny-5-{4-{3-{mathomymeathy
pip=ridine-1 -carbnrylj-baﬂlj—'-’. S-dihydno-SH-purin-
ns

7 o= =gl mesy - N-mesylnenzamis Zamids e-1-carbonylybenzy -7, 3-dihydro-BH-purin-B-one
H 1!
T = e
| =0
\f M
L@‘{LQ L@‘\\’\
o

|-335. (R}-2-{2-zopropylphenyT-3-[4-{2-mathylpymo
lidin=-1 -carbnryﬂ-berry[j—?,g-: ihydro-BH-purin-8-on
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1-370. M-izopropyl-4-{{2-{2-izopropylphany (-E-ooo-T)
| B-dihydro-3H-purin-3-ylimethyl-M-{2-methoxysthy)
benzamide

.l

o
L©~‘g

1-371. 4-[[2-{Z-izopropylpheny(}-E-oo0o-T, B-dihydro-3
H-purin-2-ylimethy-MN-meathyl-N-{{Z-methyithiszol-4
-y imethylibenzamide

~J

|-372. 4-[[2-(2-izopropyipheny-E-ooo-T, B-dihydro-3
H-purin-S-yTimathyl)-N-{ 1-methyl-1H-imidazol-2-yl)b
enzamide

.
O~

1-373. M-sthybd-{{2-2-izopropyiphany(-B-omo-T,B-d
ihyrdro-SH-purin-S-y methyl-N-methylbenzamids

1374, 4-[[2-[Z-izopropylpheny [-E-omo-T, B-dilydro-3
H-purin-S-yimethyT-N-methy-M-propylbenzamide

T \>=o
SO~

|-3T5. N-izopropy 42 2-izopropylpheny-E-omo-T
B-dihydro-8H-purin-S-yymathy-M-mathylbenzamide

O

]

-3, N-[2-hydrosyethy-4-{{2-(2-sopropylphenyl)-
800007, B-ditvydine-3H-purin-3-y TimethyT-N-methylbe
zamide

/j:>=
ﬂ

1-377. 3-[4-[3-hydroocyazstidine- 1-carbony jbenzy (-2
~{2-izopropylpheny(}-T, S-dihydro-BH-purin-B-one

|-378. {B}-5-{4-{ T-hydroonypyrrolidine- 1-carbonyljben
ryE—E—{E—ianpropylprary[j-ri’;-:il'1,f-: ro-EH-purin-E-o
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1-375. M-cyclopropy-a-{{2-{2-sopropyiphenyl-8-oxo
T, B-dihyd ro—EH—pl.rir—iyﬁ-r;atf}fl}—N—rratI‘ylbarzarri

O~

1-380. N-[Z-[dimethylamino)-2-ooethy(j-4-{{2-[2-iz0]
propylpheny-B-oxo-T, 8-dihydro-8H-purin-8-yymeth
[-M-methylbenzamide

| ¥

1-381. 4-[[2-{2-isopropyipheny -E-no-T, E-dihydro-3
H-purin-3-yimethy-M-[oxstan-3-ylbenzamide

’I>=

|-382. {S}3-{4-{2-[hydrocgymethylipymolidine- 1-cark
onylibenzyl}-2-{2-isopropyiphenyl}-T, S-diydro-8H-p
urin-g-ong

| 5O

Lo

|-353, 5-[4-{4-zcatylpiperazine-1-carbonyfbenzy -2
~{2-isopropylpheny (-7, B-dihydro-EH-purin-E-one

O~

]

|-324. (B)-2-2-i=opropyipheny-3-{4-[ 3 Z-mathooye
thoocy pyerralidine- 1 -carbony Tbenzy (-7, S-dibydro-EH
-purin-g-ane

N
‘o

‘L@p

|-385, B-{4-{{2R, E5)-2 B-dimathylmorpholine-4-carbon
1,rI}barrfl]—Z—{E—ianpmpylEE_DryI]-?. S-dihvydro-BH-pur
in-g-one

|-383. 3-{4-[I-fluoroszetidine-1-carbony(jbenzy()-2-
(2-isopropylpheny (-7 S-dihydro-8H-purin-B-one

t%o _

[-3ET. N-[[1R, 28}-2-hydrowycyclopenty(-4-{(2-(2-iz0
propylphenyl-B-oo-T, E-dihydno-2H-purin-S-yimethy
[e=nzamide
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1-388. 5-{4-[4,4-difluoropipenidine-1-carbonyljbenzy
[}-2-{2-izopropy|pheny)-T,83-dihydro-8H-purin-B-one

O

D

éi?

1-383. 2-{Z-izopropylpheny|)-3-[4-{pymoliding-1-car
bomylibenzyl)-T,5-dihydro-BH-purin-E-one

1-330. 2-{Z-izopropylphenyT-3-(4-{Z-methylpyrrolidi
ne-1-carbonylibenzy)-T, S-dinydre-SH-purin-2-one

N

/Eo
O
4]

N

3. 4-{[2-[2-HeopropylghenyT-8-cun-T B0
H-purin-E-y ety T--( 1~ matosymetny T cyeloarogy
|-h-metnylenzamioe

é

|-352. 5-{4-{3, T-difluoropyrrolidine- 1-carbonyibenz
yi-2-{2-isopropylpheny -7, 3-dibydro-BH-purin-2-on

2

|-383. 3-[4-{F-oa-Z-szzspiro] . 4]octane-Z-carbony )
FrryP—;{;—l:opropylpf;[gfl}-?.5—:i|"_.f-:ro—5H-|:-|.rir-
ne

'\“'\.:
| | =0
\\

|-334, 3-[4-[F-ona-Z-szzspiro] 3. 4]octans-Z-carbony )
Frw?—;{;-lﬂprowlprggfﬂ-?.i-:ih_.f-:ro—E-H-pl.rir-
ne

1-335. {5}-2-{2-isopropylpheny-3-{4-{2-methylpymo
lid irih'-carbar'_,f[}barrg,flj-?.g-: ihydro-BH-purin-B-on

Yok,

|-338. [B)-2-{2-izopropyiphanyl}-3-{4-[2-[methogymet
h_.rl"|:r5.frr{:u||d|r=L -carbonyibenzyd}-7,S-dilydro-8H-p
urin-E-one
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1-397. 54{4{2-ethylpiperidine-1-carbomyljbenzyl)}-2-
(2-isopropylphenyl)-T S-diydro-EH-purin-B-one

S
>=a
e

1-338. 2+ 2-isopropyipheny{-3-{4-{2-methylpiperidin
e-1-carbonyljbenzy -7, 3-divydro-BH-purin-E-ons

e,
>=:~
.

|-355, 2-[Z-izopropyipheny T-3-{4-[ 3-methylpiperidin
e-1-carbomyljbenzyl-7, S-dinsdro-BH-purin-8-cne

W
N
L@j(\
[+

piperid ire—'-carbnry[}bagl,‘-?. S-dihydro-8H-purin-
ne

1-400. Z-{Z-izopropyipheny()-3-(4-[2{mathaxymathyT)

aants

1-401. Z-{2-izopropyipheny()-3-(4-[3-methay piperidi
ne-1-carbonyljbenzy (-7, 3-dinydro-BH-purin-B-ona

x'"

“@m

|-40Z. 4-{[2-(Z-zopropyiphanyl}-B-ouo-T, B-dinydro-3
H-purin-3-yTimethyl-N-mathy-N-(tetrahydrofuran-3-
ylibenzamide

EL@\{Q

1-403. [R}-2-{2-izopropylpheny(-5-{4-[2-mathaamet
hyTjpyrrolidine-1-carbonyfibenzy(}-7 S-ditydro-EH-p
wrin-8-one

Saante

1-404. [R}-2-{2-isopropyiphenyT-8-[4-{3-methyimarph
oline-d-carbonyljbenzyl}-T S-dibydro-EH-purin-8-one

Y 0

|-405. [5}-2-{Z-zopropyiphanyl}-3-{4-[3-mathyimarph
oline-4-carbonyTbenzy -7, 3-dilydro-EH-purin-8-one
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1404 4-{@ Z-isopropylphenyT-B-omo-T B-dihydro-3
H-purin-2-yTmethyT-N-methy-N-{2 2, 2-triflsorosth
yljbenzamide

1-407. &-{{2-[2-izopropyipheny -B-oeo-T B-dibydro-3
H-purin-S-yTimethy(}-N-{2-methoscyethyd)-N-methylben

’I>=o
SO

Zamide

1-408. N-{2-{dimsthylaminajethy)
phenyl}-8-oxo-T, B-ditiydro-3H-purin-S-ylmethylbenz

’j:>=o
"o

[2-[2-izopropyl

amige

A

|-405. 4-{[2-[2-zopropylphenyl-B-ooco-T B-dihydno-3
H-purin-S-yTymethyT-N-{2-{piperidin-1-yTethyTben
zamide

4]

|-410. 24{2-isopropylpheny -5-{4-{+methyipipserazin
e-1-carbonyjbenzyl}-7, B-dibydro-EH-purin-E-one

"”I

|-411. 5-[4-{Z-0¢a-E-azzspira[ 3. 4Joctane-S-carbany )
Frwﬂ—E{E—imprawlprﬂfj—?.5—: ibrydro-BH-purin-
ne

o-BH-purin-B-one

1-412. 2<{2-methoogy pyridin-3-y[-5-{4-{1-methyl-d-t
rifluoromethyf-1H-imidazol-2-ylfbenzyl)- T, 9-dihydr

o

|41 3. 5[4 T-methy-4-{trifluoromethy (-1 H-imidazo
k2-ylbenzyl)-2-2-propoosypyridin-2-y -7, 3-ditydr
o-EH-purin--one

=
I
-

n n

|-414. 2-(2-{zyclopropyimathoyjpyridin-2-yl-5-{4-
-methy-d4-{trifluoromethy - 1H-imidszol-2-yTbenzy
[}-7, -dihydro-BH-purin-B-one
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O

|-415, 2+{2-{2-ethoxyethoxy)pynidin-3-y-5-{4-{1-me
thoyh-d-{trifluonomethy (-1 H-imidazol-2-y ) benzy (-7
S-ditvydro-EH-purin-B-one

|-418. 2-{2-isopropoecy pyridin-3-yl-3-{4-{1-methyl-4
~{trifluoromethyl-1H-imidazol-2-yijbenzyl-T,3-dih

’I

O

ydro-BH-purin-B-one

1-417. 2-[2-{sec-butoony jpyridin-3-yT-3-{4-1-methy]
-4-{trifluoromethyT)-1H-imidazok-Z-ylibenzy (-7 34

imydro-EH-purin-B-one

!

|-418. B-{4-{1-mathyl-d-{trifluoromethy (- 1H-imidaza
k2-ylibenzyl}-2-2-[{1, 1, 1-trifluoropropan-2-y o
yhpyridin-3-yT-T 3-dihydro-8H-purin-B-one

=
W =

[-413. 2+ 2-cychobutoy pyridin-2-y 13-4 1-mathy -
4-{trifluoromethy - 1 H-imidazol-Z-yTjbenzyl)-7,5-di

hyrdro-8H-purin-8-one

1-420. 2-{2-cyclopropoaay oy ridin-2-yl-5-{4-( 1-methy]
-4-{trifluoromethy}- 1H-imidazol-2-yTjbenzy (-7 54
iydro-BH-purin-B-one

Sess
Oyt

1-421. 2-[Z-thaypynidin-2-yl}-3-[4- T -methyl-d-{tr
-BH-purin-G-cne

ifluoromethyl-1H-imidazok-2-yljbenzyl}-T S-dihydro

’Imf

|-422. Z-(Z-izobutoypyridin-T-y -3-[4-[ T-mathyl-4-
{trifleoromethy(-1H-imidazol-2-ybenzy (-7 S-dihy
dro-BH-purin-E-one

=
W =

C |

/

1-423. 22 Z-mathooryethoyjpynidin-T-y }-3-[4--m
ethyl-d-{trifluoromathyl-1H-imidazol-2-ybanzyl)-
T,8-diydro-EH-purin-B-one
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1-425, S-{4-{1-methy - trifluoromethy - 1H-imidazo

|-424. 3-[4-[1-methyl-4-{trifluoromethy (- 1H-imidazo
l2-yTibenmyll-2-2-{[tetrahydrofuran-2-yimethay)
pyridin-3-yT)-T, S-dibydro-BH-purin-8-one

k2-yljbenzyl-2-{2-{{tetrahydrofuran-3-yimethoxy]
pyridin-3-yl-T,3-dihydro-8H-purin-B-one

-4, 242+ 3-methoybutoecyjpymidin-3-yT-8-{4-{1-m
ethy-H-{trifluoromethyly- 1H-imidazol-2-yljbenzy (-

L= _
SOy

7,8-ditydro-EH-purin-B-one

|-427. 3-{4-{1-methy-4-trifluoromethy - 1H-imidszo
2=y Tibenzy()-2-[2- pentan-2-yloyjpyridin-3-y -7
S-diydre-BH-purin-&-one

|-428, 2-[2-({1-methooybutan-2-yoeypyrnidin-3-yl-
S-{d-{1-methy-d-{trifluoromethy (-1 H-imidazol-2-yl

N
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= i
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Joenzyl}-T,S-dihydro-BH-purin-E-one

1-425. 2-{2-{2-{dimethylaminojethoeyjpyridin-3-yI-2

\I/j: \>=c-
\ =

-{4-{ 1-mathyl-4-{trifluoromethy-1 H-imidszolk-2-yT)
benzyl}-7,3-dihydro-EH-purin-8-one

n_\ \
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o
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[-430. B-(4-{1-{zzetidin-3-yT}-4-{trifluoromethy -1
H-imidazok-2-yljbenzy-2-{2-sopropylphenyl-T,9d
ihydro-BH-purin-8-one

1-431. 2-{2-izopropylphenyl-5-{4-3-[piperidin-4-y]
F1H-pyrazok -}f[j-barryfj—?.__'?-:iry-: ro-BH-purin-8-on

’I
Q

|-432. 2+ 2-zopropylpheny(}-3-(4-3-{piparazin-1-yl
Ia H-pr:.frazal-'-}fl}barr:.fl}-?.__'?-: iydro-BH-purin-&-on
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|-435. 2-{Z-isopropylpyridin-3-yT-5-{4-{ - pipenidi
n-d-y (-1 H-pyrazol-'-ﬂ-bﬁﬂ—ﬂ S-dihydro-BH-puri
n-E-one

o

- ]
Oy O

|-433, Z-[Z-isopropyiphenyl-T-methyl-5-(4-3-[piper

din-4-yT-1H-pyrazob1-ylibenzy -7 S-dihydro-8H-p
urin-E-ane |-434, 2-{3-fluoro-2-isopropyiphenyl-3-{4-{2-[piper
idin-4-y - 1H-pyrazol-1 -}rﬁ-b_:_E:[DryI]—T. S-dihydro-BH-p
urin-g-one
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438, 2-(2-izopropylpyridin-3-ylj-8-(d-(1-(1-methyl

|-437. 5[4~ H-imidzzok-Z-y | benzy(-2-[2-zopropy]
phemyl-7, 3-dihydro-BH-purin-8-cne
azetidin-3-vl}-4-trifluoremethyl}-1H-imidazok2-yl
Jeenzyl)-7 S-dinydro-8H-purin-8-one

1-473, 3-{4-{1-{zzetidin-2-yl-d-{trifluoromathy -1
H-imidazol-2-yljbenzyl}-2-{2-izopropylphemyl)-T-met
hy'l-T 8-dihyydro-BH-purin-8-one
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|-441. Z-{3-fluoro-Z-izopropyiphamyl-5-4-[3-T-mat
hylpiperidin-d-yT}-1H-pyrazol- -yl benzyl)-T S-dihy

|-440. 2-{Z-isopropylphany|)-3-{4-{3- 1-mathylpymal
[-433, 2-{Z-izopropylpheny }-3-4-{3-{ 1-methylpiper in-2-y-1H-pyrazok ;ﬁ;i[ﬁb_;';rr*;n'?'ﬂ'w:m'SH'P dre-EH-purin-S-ore
din-4-yT-1H-pyrazoh1-ylibenzyl-T S-divydro-BH-pu b
rin-B-~gne
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|-442. 2-{Z-imopropylpyridin-2yl-3-{4-[ 3 1-methy]
pipznidin-4-y - 1H-pyrazol 1-yljbenzyl}- T, 5-dibydro

|-443, 5-[4-[3-1-mathylpipendin-4-yT}-1H-pyrazok1
“ylibenzyl-2-{2-(2, 2, Z-trifluorosthaxypyridin-2-y
-7 S-dihydro-EH-purin-E-one

-:ir-E—;,f[j-' H-pyrazol-1-ylibenzyly-T S-difydro-EH-pu
rin-B-one

ooy
O

—

|-444, 2-[Z-izopropy|pheny-5-[4-(3-1-mathylpiper

-EH-purin-E-ane
-
= N

'\l>=:l -

h_.r-lpiperi: in-4-y1-1H-imidzzolk-2-yl benzyl-7,5-dih
ydro-8H-purin-E-one

|-445, 2-[2-isopropylphemyl-S-{4- T-mathy 4 T-mat

e
| >=O
-~
W

r}r-lﬁipari:ir#}rfj-' H-imidzzak2-y T benzyl-7, 3-dih
ydne-EH-purin-E-one

|-448. Z-{2-izopropylphenyl-2-[4 T-mathy k- 1-mat

=
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[-447, 2+ Z-zapropyipheny[-3-{4-1-{1-mathylazetid
in=T-yT-d-{trifluaromethy -1 H-imidazok2-y ) benzy
-7, B-dilvydro-BH-purin-B-ane

T
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‘i"—_&_
0oy

0t
Lo

N""E»._:.

|-448. 2-{Z-isopropyipheny -T-methyh-3-(4-[1-{1-mat
hylazetidin-3-yT-d4-{trifluoromethyT)- 1H-imidszol-2
-ylibenzy ()T, S-dihydro-EH-purin-8-one

1-443. 2-[Z-izopropyiphenyl-T-methy -5 1-{pyridin
-Iylsulfonylpiperidin-4-ylmethyl)- 7, S-dihydro-EH
-purin-E-ons

1-450. 2-{Z-isopropylpheny -3-({ 1-(isopropytsulfony
Iipiperidin-4-ymethyT}-T-methyl-T, S-dihydro-EH-pu
rin-E-onze
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|-451. Z-[Z-izopropyipheny-T-methyl-3-([1-[[1-math
yH1H-imidazol-2-yljsulfonyTpipendin-4-y(imethyl)
-1, S-dihydro-EH-purin-8-ons
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Yt
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P
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|-452. Z-[Z-izopropyipheny(-5-2-(isopropylsulfanyl

J-2-szaspiro[3.3] l'aptar-fhgg—i’. B-dihydro-BH-purin-
ne

/
T
= .
v @
|-453. N-{4-{(2+{2-isopropyipheny - T-methy-B-omo-T

B-dihydro-3H-purin--yTymethyT)phenyl)- 1-methyl-1H
-pyrazole-J-sulfonamide

1454 M-[4-{[2 2—igapraprg,rlprar}rl‘-?-rr-'-tr}rl-i-wa-?
Ediihiydro-SH-purin-S-ylimethyTphemyl)-1-methyl-1H
-imidazole-Z-sulfonamide

0~
oY

[-455. N-{4-{{2—{2—imprﬂp}rlphr}rl'-'-'-rr:tl'}rl-E-oxo-?
E-dibydro-3H- ﬂ.nr S-ylmethylphenyl-1, 2-dimathy
-imidszole-4-zulfonamids

/
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-
oo qQ
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|-453. N-{4-[[2-[Z-izopropylpheny - T-methyk-E-omo-T
Bditydro-3H-purin-3-ylimethyTipheny[-N, 1-dimathy
l-1H-pyrazole-3-sulforamide

|-457. N-{4—{{2—{{.—i:apraprg,flpr=r1,fl‘-?-rr=-th_.fl-5-mm-?
B-dihydro-3H- |IJ_I|.r|r S-yfmethyTphenyll-N, 1-gimethy
1H-imidazole-2-sulfonamide

pes
O

|-458. N-{4-[[2-(2-izopropylphany -T-mathy-B-xo-T
B-dihyrdro-SH-purin-3-yTimethyTphenyl-N, 1,2-trime
thy-1H-imidzzole-4-sulfonamids

oW

|-458. N-(4-{{2-(2-zopropyliphemyl-T-methy-B-oo-T
B-dihnydro-3H-purin-3-ymethy T phenyT-N-methylimet
hanesulfonamide

139258290 v1
05/20/20

121




FOTH-026/01WO (314575-2221)

1-480. SH{{1-{cyclopropytsulfonyl-4-fluorapiparidin
-dylymethy(j-2-{2-isopropylpheny -7, 3-dihydro-EH-
purin-B-one
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1-481. 5-{{1-{cyclopropylsulfonyypiperidin-d-y imst
hiyly-2-{2-isopropyiphenyl)-T, 3-dihydro-EH-purin-8-o
ne

\\C%

452, - -hsctutyryiploendin--4TmetyT-2-(2-
e e G M S

L©‘1 N

[-453, S-{4-2-[1-zcetylpiperidin-d-y - 1H-pyrazol1
-'_,fl}barrylj—E—{Z—iaaprﬂpglpHyE—{ B-dihydro-8H-pu
rin-g-one

F. e }=:l

Re¥es

[-424. 3-{4-[%{1-zcety|piperidin-4-y - H-pyrazoki
-ylibenzy-2-(3-fluaro-2-isopropylphemy -7, S-dihy
dro-BH-purin-B-one

|-455, 9-(4-(3-{1-acetylpiperidin-d-yl}-1H-pyrazok1
-ylibenzyl)-2-(2-isopropylpyridin-3-yl}-7 S-dihydro
-BH-purin--one

|-458, 9-{4-{3-(1-acetylpiperidin-&-yl}-1H-pyrazak1
-ylibenzyl}-2-(2-12 2 2-rifluoroethoxy)pyridin-3-y
[}-7 S-dihydro-8H-purin-8-one

5 N o
(= -
Y

T

—

|-487. 3-{4-{3-1-acetylpyrmolidin-3-y[- 1H-pyrazol
T-ylbenzyl}-2-{2-isopropyiphenyl)-T, S-dilydro-BH-p
wrin-E-one

P
At

|-45E. 8[43 1-zcatylpiperidin-2-y{-1H-pyrazokt
-'_.rE-barry[j—E—{Z—isoprnpglpH}rl;-?.5—:i|'1_.r-: ro-BH-pu
rin-B-one
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|-465, N-{4-{{2-{2-zopropyipheny -T-methy-E-ooo-T
E-ditvydro-3H-purin-3-ylmethyTphenyl-1, 3-dimethy
l-1H-pyrazole-S-carboxamids

I-470. N-{4-{{2-{2-izopropylphenyl-7-methyhi-coo-T 1-471. N-{d-{{2+(2-izopropylphany (j-T-methyh-g-omo-T
E-ditvyd ro-:lH_—pL r|r-:-1,rlj-rratr1,rlj-prar'_.rI:—N.5—: imethy B-dityire-8H-purin-S-ymathy hpheny-N, 1, -trime
HH-pyrazole-T-oarboxamide thy-1H-pyrazole-E-carbonamide

=}

éﬁ& A ‘] §oes X

£

I-472, $-{4-{41-acatylpiperidin-d-yI}-1-methyk- 1H- 474, S-{d-{3{1-acstylpipendin-byl}-1H-pyrazol
imidazok2-yTbenzyl)-2-{2-isopropylpheny)-T, B-dih -yloenzyl-2-{2-fluore-L-isopropyipheny -7, 5-diny
yiro-BH-purin-S-one _ L o ) ) dro-EH-purin-E-one
|-473. B-{4-{5-{1-zcetylpiperdin-d-y - -mathy-1H-
imidazok-2-yTybenzyl-2-(2-isopropylphenyl-7,3-dih
ydro-EH-purin-B-one

H e - L0~
) ¥ 0 . - Y | ! :
PO ¥at LO{)* ) (]
s 8

F < ~

2

1-475. 5-{{4-Fluoro-1-isobutyrylpipenidin-4-ylmethy

I-2-{2-isopropylphenyl)-T,5-dihydro-BH-purin-5-one
-478. S-{4-{1-{1-acetylazetidin-3-yl-4-{trifluiorom |-477. 3-{4-{1-{t-acetylazatidin-2-y[-4-{triflucrom

ethyl-1H-imidazok-2-ylbenzyl-2-{2-sopropylpheny ethyll-1H-imidazol-2-yf)benzyl)-2-{-izopropylpyrid
(-7 S-dihydra-EH-purin-E-one in-3-I-T, S-dfihydro-BH-purin-B-one
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1-4T8. M-izopropyl-4-{[2-(Z-zopropyipheny-T-methy
H-ooeo-T 8-difydro-8H-purin-8-yimethyT)piperidine
-1-zarboamide

O

Q

1-475, N—cq.f.,k:-|:-r{:-pq.fI-H{Z{L-iwnprawlpr-'-ryl‘—?-rﬂt
hyH8-oo0-T, S-difnydro-3H- |.rr S-yTmethyTypiperidi
ne-1-carooamide

.—’

,>-:

:l

1-480. 4-[1-{4-{{2-[Z-izapropylpheny)-B-ooo-T, 8-dih
ydro-SH-purin-3-yimethyTjphanyl-1H-pyrazok-3-yT-
W-methylpiperidine-1-carboxamids

Ses
L@ ;L\

1-481. 1-isopropyl-3-{4-{[2-{Z-isopropyipheny-T-me
thy'-B-ooco- T, B-dihyd ro-E'HL-Fil\.c_:ir-i-y[j-rratr}f[}prar'_.f[}

|-482. 1-[4-[[2-[2-isopropylpheny - T-methyl-B-oo-T
B-dihvydro-3H-purin-3-yimethyphemy -3 2-methoe
yethy ures

””I .
S

-483. 1-Cjelognogyi-3-{4-{ [~ 2-s0omay ey [-T-
T30 T S-S~ ety ey
sz

S

SO

|-484. Fisopropyk 1-{4-{(2-(2-isopropylphenyl)-T-me
thvyH8~cogo-T, B-difryrdro-3H-purin-S-y imethy T pheny)
-1-mathylures

-

-

Sevad

|-485. 1-(4-{[2-{2-izopropyipheny (- T-methy-B-omo-T
E-dihydro-SH-purin-3-ymethy T phemyl-3-{2-methox
yethyl-1-methylurea

(L

455 3-ojcpronyH1-{4-{[2-[2-eopronylphenyT)-T-
ey o7 E-dlnydne-SH-purin-3-4 ety fjaney
[I~1-melurez
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|-487. 4-fluoro-N-sopropyhd-[[2-{2-isopropyipheny|
o007, B-ditvydre-3H-purin-3-yTimethylpiperidine
-1-carboxamide

”AT
“Qm

-4B8. 94~ (eycioprogyimety T aming pengy (-2 (-
soonaylanenyl)-T-mety-T S-0inydr-E=-purin-§-one

|-483. 2+{2-isopropylpheny -5-{4-[[2-methoxyethyla
ming}benzy(}-T-methy-T, S-dihydro-EH-purin-8-ane

|-4530. 34 {cyclopropyimethy i methyamino)benzy|
]—2—{2—ianprowlptaryl}-?—_;rztl‘yl-?. S-diibvydro-EH-pur
in-E-ong

|-491. 2-{2-isopropylpheny-3-{4-{{2-methogyethyly
rratl'}ffjﬁrrira}barry[j—'-’-rgf_nth_.rl-?. B-dihydro-BH-purin-
e

|-482. 54{{141,3,&-thiadiazol-2-y jpipenidin-4-yTim
ethyl-2-{Z-isopropyiphenyl-T-methyl- T, S-diydro-&
H-purin-&-one

“Cwb

|-433. 2-(Z-zopropylpheny(-T-mathy k8- 1-pyrimid
ir-2-1_.rl}pipari:ir#yﬂ-rragfj—?j-: by dro-BH-purin
ne

LCWNY

[-454, 3-{{1-2 S-dimethythizzol-d4-y ] piperidin-d-y
lmethy(-2-(2-isopropylphanyl-T-methyhT S-dibydr

o-EBH-purin-2-ona

@

1-435, 2-{2-isopropylpheny (-5 2-[pyridin-2-y -2-2
za=piro[3.3]heptan-E- (-7, B-dihydro-BH-purin-B-one
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|-457. 8-{4-{1-izopropyl- 1 H-imidazok2-y | benzy(-2-
[2-isapmpg,rlprar}rlj-'lr-rrat_rn',;l;?, S-diydro-BH-purin-8

5t
;

|-435, I-{2-izopropylphenyl-5-{4-[1-Z-methogyethy|
- 1H-imidazol-2-yljbenzyl}-T-mathyl-7, S-dihydro-BH-
purin-E-one

|-453. 2-{Z-izopropylphany()-T-methy-3-(4-1-[piper
iin-4-yl}-1H-imidazol-2-ylbenzy -7, 3-dihydro-EH-
purin-B-one

oo
-

~

1-500. 5-{4-{1-{difluoromethy}-1H-imidazol-2-yTiben
Ty l}-Z-[Z-isopropylpheny(-T-methyl-7, 8-dihydro-EH-
purin-B-one

-
Oy

1-501. B[ 141 4-dimethyl-1H-imidzzol-2-yTpiperidi
n-d-ylimethy-2-{Z-izopropylpheny -T-methyl-T 5
iy dro-BH-purin-8-cne

e

1-502. 2-{Z-izopropyiphany}-8-{[1-{4-{trifluoromath
ylpyrimidin-2-yTazetidin-3-ylmethy -7 S-dibydro
-EH-purin-E-one

ﬁ:[}“’
O~

1-E03. 1-{d{{2~{2-iz0propylphany -B-oo-T B-dihydr
o-3H-purin-S-yimethyohenyT-N, N, 5-trimethy-1H-p
yrazole-2-carboxamids

et
|| )=
T S
L@‘H .
_

1504, -4 2-[2-cyclopropy|pheny-B-omo-T, B-dify
dro-3H-purin-S-yTimethyTiphenyT-N, N, E-trimethy-1H
-pyrazole-I-carboxanide
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1508, B-{{4-fluaro-1-{pyridin-3-yIpiperidin-4-ym
=tfyP—E—{Z—iaﬂprowlprargdPFL S-dihvydro-8H-purin-8

<506, S-{a-{1-4{2-hydrosgyethyl-4-{trifluoromethy (-
H-imidazol-2-yl|benzy(-2-2-isopropyipheny(-T 5

\': ‘o _

O

dihydro-BH-purin-B-one

507, 7-
ethyl-4-(triflueremethyl}-1H-imidazol-2-yljbenzyl)-

m@ﬁk

ethyl-2-(2-isopropylpyridin-3-y(}-8-{4-(1
7 S-dihydro-2H-purin-8-one

Ty

1-508. 8-{[B-(* H-pyrazal-1-ylpyrazin-2-ymethyl-2
{2-isopropyiphenyl-7, S-dinydro-BH-purin-8-one

(0~
Y -y

1-509. S-{{5-{ 1H-pyrazok1-ypyrimidin-2-ymethy)
-2+ Z-izopropylpheny (-7, 8-diydro-BH-purin-B-one

Ry
Oy

1-540. {53, S-dimethyH H-prg,rraznl-'j'_.r[}wran’r-z

-1,f-l*rr;tI'}flj—Z—{E—is»aprowlpraryl}-?.5—:|I'1,f.m—5H pu
rin-E-one

purin-B-ane

%J@/

1511, 54543, S-dimethy- H-pyrazoh 1-ylpyrimidin
-Z2-yTimethyl}-2-{2-isopropyiphenyl-T, S-dibydro-BH-

o

- .-1,rPb=rr|_.rl,‘-T.5-:ir}r-:r-:'-E-H-erir-B-nr-'-

[-512. 2-(Z-izopropyiphany}-3-[4-[Z-cotopyrralidin-1

H
N
® N>=D

|-513. 5-{4-{1H-tetrazol-B-y ibanzyl}-2-{2-izopropyl
pheny -7, 5-dihydro-BH-purin-§-one

139258290 v1
05/20/20

127



FOTH-026/01WO (314575-2221)

Ner}:o 1

N

514, 8-((1-(2 S-dimethytthiazol-4-y(}-4-fluoropipe
ridin-4-ylimethyl}-2-{2-isopropyiphenyl)-7 S-dihydr
0-8H-purin-8-cne

!

\/\I\z
|
N W N
O
C
N
/
[-518. 3-(4~[d-zyclopropyl-1-methyl-1H-imidazol-2-y]
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[00175] In another embodiment of the application, the compounds of Formula (I) are
enantiomers. In some embodiments the compounds are the (S)-enantiomer. In other
embodiments the compounds are the (R)-enantiomer. In yet other embodiments, the compounds

of Formula (I) may be (+) or (-) enantiomers.

[00176] It should be understood that all isomeric forms are included within the present
application, including mixtures thereof. If the compound contains a double bond, the substituent
may be in the E or Z configuration. If the compound contains a disubstituted cycloalkyl, the
cycloalkyl substituent may have a cis- or trans configuration. All tautomeric forms are also

intended to be included.
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[00177] Compounds of the application, and pharmaceutically acceptable salts, hydrates,
solvates, stereoisomers and prodrugs thereof may exist in their tautomeric form (for example, as
an amide or imino ether). All such tautomeric forms are contemplated herein as part of the

present application.

[00178] The compounds of the application may contain asymmetric or chiral centers, and,
therefore, exist in different stereoisomeric forms. It is intended that all stereoisomeric forms of
the compounds of the application as well as mixtures thereof, including racemic mixtures, form
part of the present application. In addition, the present application embraces all geometric and
positional isomers. For example, if a compound of the application incorporates a double bond or
a fused ring, both the cis- and trans-forms, as well as mixtures, are embraced within the scope of
the application. Each compound herein disclosed includes all the enantiomers that conform to
the general structure of the compound. The compounds may be in a racemic or enantiomerically
pure form, or any other form in terms of stereochemistry. The assay results may reflect the data
collected for the racemic form, the enantiomerically pure form, or any other form in terms of

stereochemistry.

[00179] Diastereomeric mixtures can be separated into their individual diastereomers on the
basis of their physical chemical differences by methods well known to those skilled in the art,
such as, for example, by chromatography and/or fractional crystallization. Enantiomers can be
separated by converting the enantiomeric mixture into a diastereomeric mixture by reaction with
an appropriate optically active compound (e.g., chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride), separating the diastereomers and converting (e.g., hydrolyzing) the
individual diastereomers to the corresponding pure enantiomers. Also, some of the compounds
of the application may be atropisomers (e.g., substituted biaryls) and are considered as part of

this application. Enantiomers can also be separated by use of a chiral HPLC column.

[00180] It is also possible that the compounds of the application may exist in different
tautomeric forms, and all such forms are embraced within the scope of the application. Also, for
example, all keto-enol and imine-enamine forms of the compounds are included in the

application.

[00181] All stereoisomers (for example, geometric isomers, optical isomers and the like) of

the present compounds (including those of the salts, solvates, esters and prodrugs of the
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compounds as well as the salts, solvates and esters of the prodrugs), such as those which may
exist due to asymmetric carbons on various substituents, including enantiomeric forms (which
may exist even in the absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this application, as are positional
isomers (such as, for example, 4-pyridyl and 3-pyridyl). (For example, if a compound of
Formula (I) incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as
mixtures, are embraced within the scope of the application. Also, for example, all keto-enol and
imine-enamine forms of the compounds are included in the application.) Individual
stereoisomers of the compounds of the application may, for example, be substantially free of
other isomers, or may be admixed, for example, as racemates or with all other, or other selected,
stereoisomers. The chiral centers of the present application can have the S or R configuration as
defined by the IUPAC 1974 Recommendations. The use of the terms “salt”, “solvate”, “ester,”
“prodrug” and the like, is intended to equally apply to the salt, solvate, ester and prodrug of
enantiomers, stereoisomers, rotamers, tautomers, positional isomers, racemates or prodrugs of

the inventive compounds.

[00182] The compounds of Formula I may form salts which are also within the scope of this
application. Reference to a compound of the Formula herein is understood to include reference

to salts thereof, unless otherwise indicated.

[00183] The present application relates to compounds which are modulators of USP1. In one

embodiment, the compounds of the present application are inhibitors of USP1.

[00184] In some embodiments, the compounds of the present application are selective over
other USP enzymes including, but not limited to, USP2, USP4, USPS, USP6, USP7, USPS,
USP9x, and USP12/46. As used herein “selective,” “selective USP1 inhibitor,” or “selective
USP1 compound” refers to a compound, for example a compound of the application, that
effectively inhibits USP1 to a greater extent than any other USP enzyme, (i.e., USP2, USPS5,
USP7, USP8, USP11, USP14, USP15, USP16, USP19, USP20, USP21, USP25, USP28, USP30,
USP35, USP36, USP45, and USP12/46).

[00185] A “selective USPI inhibitor,” can be identified, for example, by comparing the ability
of a compound to inhibit USP1 enzyme activity to its ability to inhibit the other USP enzymes.

For example, a substance may be assayed for its ability to inhibit USP1, as well as for its ability
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to modulate (i.e., inhibit or activate) USP2, USP5, USP7, USP8, USP11, USP14, USPI5,
USP16, USP19, USP20, USP21, USP25, USP28, USP30, USP35, USP36, USP45, and
USP12/46.

[00186] In certain embodiments, the compounds of the application exhibit at least 2-fold, 3-
fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over one or more other USP
enzymes (i.e., USP2, USP5, USP7, USP8, USP11, USP14, USP15, USP16, USP19, USP20,
USP21, USP25, USP28, USP30, USP35, USP36, USP45, and USP12/46). In various
embodiments, the compounds of the application exhibit up to 1000-fold selectivity over one or

more other USP enzymes.

[00187] In certain embodiments, the compounds of the application exhibit at least 2-fold, 3-
fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over other USP enzymes (i.e.,
USP2, USP5, USP7, USP8, USP11, USP14, USP15, USP16, USP19, USP20, USP21, USP25,
USP28, USP30, USP35, USP36, USP45, and USP12/46). In various embodiments, the
compounds of the application exhibit up to 1000-fold selectivity over other USP enzymes.

[00188] In certain embodiments, the compounds of the application exhibit at least 2-fold, 3-
fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over USP2, USP5, USP7, USPS,
USP11, USP14, USP15, USP16, USP19, USP20, USP21, USP25, USP28, USP30, USP35,
USP36, USP45, and USP12/46. In various embodiments, the compounds of the application
exhibit up to 1000-fold selectivity over USP2, USP5, USP7, USP8, USP11, USP14, USP15,
USP16, USP19, USP20, USP21, USP25, USP28, USP30, USP35, USP36, USP45, and
USP12/46.

[00189] The application is directed to compounds as described herein and pharmaceutically
acceptable salts, hydrates, solvates, prodrugs, stereoisomers, or tautomers thereof, and
pharmaceutical compositions comprising one or more compounds as described herein, or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, or tautomers

thereof.

Method for Preparation of Compounds
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[00190] The compounds of the present application may be made by a variety of methods,
including standard chemistry. Suitable synthetic routes are depicted in the Schemes given

below.

[00191] The compounds of Formula (I) may be prepared by methods known in the art of
organic synthesis as set forth in part by the following synthetic schemes. In the schemes
described below, it is well understood that protecting groups for sensitive or reactive groups are
employed where necessary in accordance with general principles or chemistry. Protecting
groups are manipulated according to standard methods of organic synthesis (T. W. Greene and
P. G. M. Wauts, "Protective Groups in Organic Synthesis", Third edition, Wiley, New York
1999). These groups are removed at a convenient stage of the compound synthesis using
methods that are readily apparent to those skilled in the art. The selection processes, as well as
the reaction conditions and order of their execution, shall be consistent with the preparation of

compounds of Formula (I).

[00192] Those skilled in the art will recognize if a stereocenter exists in the compounds of
Formula (I). Accordingly, the present application includes both possible stereoisomers (unless
specified in the synthesis) and includes not only racemic compounds but the individual
enantiomers and/or diastereomers as well. When a compound is desired as a single enantiomer
or diastereomer, it may be obtained by stereospecific synthesis or by resolution of the final
product or any convenient intermediate. Resolution of the final product, an intermediate, or a
starting material may be affected by any suitable method known in the art. See, for example,
"Stereochemistry of Organic Compounds" by E. L. Eliel, S. H. Wilen, and L. N. Mander
(Wiley-Interscience, 1994).

[00193] The compounds described herein may be made from commercially available starting

materials or synthesized using known organic, inorganic, and/or enzymatic processes.

[00194] The compounds of the present application can be prepared in a number of ways well
known to those skilled in the art of organic synthesis. By way of example, compounds of the
present application can be synthesized using the methods described below, together with
synthetic methods known in the art of synthetic organic chemistry, or variations thereon as
appreciated by those skilled in the art. Preferred methods include but are not limited to those

methods described below. Compounds of the present application can be synthesized by
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following the steps outlined in General Schemes 1-5 which comprise different sequences of
assembling intermediates 2-a to 2-n. Starting materials are either commercially available or

made by known procedures in the reported literature or as illustrated.

General Scheme 1
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wherein n is 1 and Rz, R3, R3°, R4, Rs, and X-X4 are defined as in Formula (I).

[00195] The general way of preparing compounds of Formula (I) by using intermediates 2-a,
2-b, 2-c, 2-d, 2-e, and 2-f is outlined in General Scheme 1. Amination of 2-a with 2-b using a
base, i.e., N,N-diisopropylethylamine (DIEA), in a solvent, i.e., acetonitrile (MeCN), yields 2-c.
Coupling of 2-¢c with an arylboronic acid/ester or heteroarylboronic acid/ester 2-d using a
catalytic amount of a  palladium catalyst, i.e., [l,1'-Bis(diphenylphosphino)
ferrocene]palladium(II) dichloride dichloromethane (Pd(dppf)Clo:CH2Cl>) and a base, i.e.,
potassium carbonate (K2CO3) or cesium carbonate (Cs2COs), in a solvent, e.g., 1,4-dioxane, at
elevated temperature provides 2-e. Reduction of intermediate 2-e using a metal (i.e., iron (Fe)
powder) and ammonium chloride in a solvent, i.e., tetrahydrofuran (THF), ethanol (EtOH),
and/or water, provides amine 2-f. Alternatively, amine 2-f can be obtained by reduction of
intermediate 2-e with a metal catalyst and hydrogen (Hz) gas in a solvent, i.e., methanol (MeOH)
or ethyl acetate (EtOAc). Cyclization of 2-f with carbonyldiimidazole (CDI) in a solvent, i.e.,
dichloromethane (DCM), provides the desired compound of Formula (I).

General Scheme 2
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wherein n is 1 and R, R3, R3, R4, Rs, and X-X4 are defined as in Formula (I).

[00196] Alternatively, compounds of Formula (I) can be prepared using intermediates 2-a, 2-
b, 2-¢, 2-d, 2-g, and 2-h as outlined in General Scheme 2. Amination of 2-a with 2-b using a
base, i.e., N,N-diisopropylethylamine (DIEA), in a solvent, i.e., acetonitrile (MeCN), yields 2-c.
Reduction of intermediate 2-¢ using a metal (i.e., iron (Fe) powder) and ammonium chloride in a
solvent, i.e., tetrahydrofuran (THF), ethanol (EtOH), and/or waters provide amine 2-g.
Alternatively, amine 2-g can be obtained by reduction of intermediate 2-¢ with a metal catalyst
and hydrogen (H») gas in a solvent, i.e., methanol (MeOH) or ethyl acetate (EtOAc). Cyclization
of 2-g with carbonyldiimidazole (CDI) in a solvent, i.e., dichloromethane (DCM), provides
intermediate 2-h. Coupling of 2-h with an arylboronic acid/ester or heteroarylboronic acid/ester
2-d using a catalytic amount of a palladium catalyst, ie., [1,1'-Bis (diphenylphosphino)
ferrocene]palladium(Il) dichloride dichloromethane (Pd(dppf)Cl>:CH2Cl;) and a base, i.e.,
potassium carbonate (K2CO3) or cesium carbonate (Cs2CO3), in a solvent, e.g., 1,4-dioxane, at

elevated temperature provides the desired compound of Formula (I).

General Scheme 3
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wherein R, Rz, R3, R3, R4, Rs, n, and X.-X4 are defined as in Formula (I).

[00197] Compounds of Formula (I) in General Scheme 3 can be prepared as outlined above.
Alkylation of 2-1 with intermediate 2-j wherein X is a halogen using a base, i.e., sodium hydride
(NaH) or cesium carbonate (Cs2CO3) and in a solvent, i.e., dimethylformamide (DMF) provides
the desired compounds of Formula (I). Alternatively, compounds of Formula (I) can be obtained
by treating intermediates 2-i and 2-j wherein X is OH with diisopropyl azodicarboxylate

(DIAD) and triphenyl phosphine in a solvent, i.e., tetrahydrofuran (THF).

General Scheme 4
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X = B(OH), or B(OR),
wherein R3, R3, R4, Rs, R1o, and X-X4 are defined as in Formula (I).

[00198] Compounds of Formula (I) can be prepared using intermediates 2-k and 2-1 as
outlined in General Scheme 4. Coupling of aryl boronic acid/ester 2-k with 2-1 (wherein Y is -Br
or —O-triflate) using a catalytic amount of a palladium catalyst, ie., [1,1-Bis
(diphenylphosphino) ferrocene]palladium(II) dichloride dichloromethane (Pd(dppf)Cl,-CH2Cl2)
and a base, i.e., potassium carbonate (K>CO3) or cesium carbonate (Cs2CO3), in a solvent, e.g.,

1,4-dioxane, at elevated temperature provides the desired compound of Formula (I).
General Scheme 5
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wherein R3, R3, R4, Rs, R1o, and X-X4 are defined as in Formula (I).

[00199] Alternatively, compounds of Formula (I) can be prepared using intermediates 2-m
and 2-n as outlined in General Scheme 5. Coupling of aryl bromide/triflate 2-m with 2-n
(wherein Y is -BF3K, —B(OH)> or —(BOR),, wherein R forms a boronate ester or MIDA
boronate) using a catalytic amount of a palladium catalyst, i.e., [1,1'-Bis (diphenylphosphino)
ferrocene]palladium(Il) dichloride dichloromethane (Pd(dppf)Cl>:CH2>Cl;) and a base, i.e.,
potassium carbonate (K2CO3) or cesium carbonate (Cs2CO3), in a solvent, e.g., 1,4-dioxane, at

elevated temperature provides the desired compound of Formula (I).

[00200] A mixture of enantiomers, diastereomers, cis/trans isomers resulting from the process
described above can be separated into their single components by chiral salt technique,
chromatography using normal phase, reverse phase or chiral column, depending on the nature of

the separation.

[00201] It should be understood that in the description and formula shown above, the various
groups Ri, R2, R4, Rs, and X;-X4 and other variables are as defined above, except where
otherwise indicated. Furthermore, for synthetic purposes, the compounds of General Schemes 1-
5 are mere representative with elected radicals to illustrate the general synthetic methodology of

the compounds of Formula (I) as defined herein.
Methods of Using the Compounds

[00202] Another aspect of the application relates to a method of treating or preventing a
disease or disorder associated with modulation of ubiquitin specific protease 1 (USP1). The
method comprises administering to a patient in need of a treatment for diseases or disorders
associated with modulation of USPI an effective amount the compositions and compounds of
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Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof.

[00203] In another aspect, the present application relates to a method of treating, preventing,
inhibiting or eliminating a disease or disorder in a patient associated with the inhibition of
ubiquitin specific protease 1 (USP1), the method comprising administering to a patient in need
thereof an effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, stereoisomer, or tautomer thereof. In one embodiment, the disease or

disorder is cancer.

[00204] Another aspect of the application relates to a method of inhibiting ubiquitin specific
protease 1 (USP1). The method involves administering to a patient in need thereof an effective
amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,

prodrug, stereoisomer, or tautomer thereof.

[00205] In another aspect, the present application relates to a method of treating or preventing
cancer. The method comprises administering to a patient in need of a treatment for cancer an
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautomer thereof.

[00206] Another aspect of the application relates to a method of treating or preventing a
disease or disorder associated with DNA damage. The method comprises administering to a
patient in need of a treatment for diseases or disorders associated with DNA damage an effective
amount of a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,
prodrug, stereoisomer, or tautomer thereof. In one embodiment, the disease or disorder is

cancer.

[00207] In another aspect, the present application relates to a method of inhibiting or reducing
DNA repair activity modulated by ubiquitin specific protease 1 (USP1). The method comprises
administering to a patient in need thereof an effective amount of a compound of Formula (I), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

[00208] Another aspect of the present application relates to a compound of Formula (I), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for
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use in a method of treating or preventing a disease associated with inhibiting USP1. In one

embodiment, the disease or disorder is cancer.

[00209] In another aspect, the present application relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for

use in a method for treating or preventing cancer.

[00210] Another aspect of the present application relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for
use in a method of treating or preventing a disease or disorder associated with DNA damage. In

one embodiment, the disease or disorder is cancer.

[00211] In another aspect, the present application relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for
use in a method of inhibiting or reducing DNA repair activity modulated by ubiquitin specific

protease 1 (USP1).

[00212] Another aspect of the present application relates to the use of a compound of Formula
(I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, in the manufacture of a medicament for treating or preventing a disease associated with

inhibiting USPI1. In one embodiment, the disease or disorder is cancer.

[00213] In another aspect, the present application relates to the use of a compound of Formula
(I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer

thereof, in the manufacture of a medicament for treating or preventing cancer.

[00214] Another aspect of the present application relates to the use of a compound of Formula
(I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, in the manufacture of a medicament for treating or preventing a disease or disorder

associated with DNA damage. In one embodiment, the disease or disorder is cancer.

[00215] In another aspect, the present application relates to the use of a compound of Formula
(I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, in the manufacture of a medicament for treating a disease or disorder associated with

DNA damage. In one embodiment, the disease or disorder is cancer.
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[00216] Another aspect of the present application relates to the use of a compound of Formula
(I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, in the manufacture of a medicament for inhibiting or reducing DNA repair activity

modulated by ubiquitin specific protease 1 (USP1).

[00217] In other embodiments, the present application relates to the use of an inhibitor of
USP1 for the preparation of a medicament used in treatment, prevention, inhibition or

elimination of a disease or disorder associated with cancer.

[00218] The present application also relates to the use of an inhibitor of USP1 for the
preparation of a medicament used in the treatment, prevention, inhibition or elimination of a
disease or condition mediated by USP1, wherein the medicament comprises a compound of

Formula (I).

[00219] In another aspect, the present application relates to a method for the manufacture of a
medicament for treating, preventing, inhibiting, or eliminating a disease or condition mediated

by USP1, wherein the medicament comprises a compound of Formula (I).

[00220] In other embodiments, the present application relates to the use of an inhibitor of
USP1 for the preparation of a medicament used in treatment, prevention, inhibition or

elimination of a disease or disorder associated with cancer.

[00221] In another embodiment, the present application relates to a compound of Formula (I)
or a pharmaceutical composition comprising a compound of the present application and a

pharmaceutically acceptable carrier used for the treatment of cancers.

[00222] In some embodiments of the methods described herein, the cancer is selected from
adrenocortical carcinoma, AIDS-related lymphoma, AIDS-related malignancies, anal cancer,
cerebellar astrocytoma, extrahepatic bile duct cancer, bladder cancer, osteosarcoma/malignant
fibrous histiocytoma, brain stem glioma, ependymoma, visual pathway and hypothalamic
gliomas, breast cancer, bronchial adenomas/carcinoids, carcinoid tumors, gastrointestinal
carcinoid tumors, carcinoma, adrenocortical, islet cell carcinoma, primary central nervous system
lymphoma, cerebellar astrocytoma, cervical cancer, chronic lymphocytic leukemia, chronic
myelogenous leukemia, clear cell sarcoma of tendon sheaths, colon cancer, colorectal cancer,

cutaneous t-celllymphoma, endometrial cancer, ependymoma, esophageal cancer, Ewing's
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sarcoma/family of tumors, extracranial germ cell tumors, extragonadal germ cell tumors,
extrahepatic bile duct cancer, eye cancers, including intraocular melanoma, and retinoblastoma,
gallbladder cancer, gastrointestinal carcinoid tumor, ovarian germ cell tumor, gestational
trophoblastic tumor, hairy cell leukemia, head and neck cancer, Hodgkin's disease,
hypopharyngeal cancer, hypothalamic and visual pathway glioma, intraocular melanoma,
Kaposi's sarcoma, laryngeal cancer, acute lymphoblastic leukemia, acute myeloid leukemia, liver
cancer, non-small cell lung cancer, small cell lung cancer, non-Hodgkin's lymphoma,
Waldenstrom's  macroglobulinemia, malignant  mesothelioma, malignant thymoma,
medulloblastoma, melanoma, intraocular melanoma, merkel cell carcinoma, metastatic squamous
neck cancer with occult primary, multiple endocrine neoplasia syndrome, multiple
myeloma/plasma cell neoplasm, mycosis fungoides, myelodysplastic syndrome, chronic
myelogenous leukemia, myeloid leukemia, multiple myeloma, myeloproliferative disorders,
nasal cavity and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, oral cancer, oral
cavity and lip cancer, oropharyngeal cancer, osteosarcoma/malignant fibrous histiocytoma of
bone, ovarian cancer, ovarian low malignant potential tumor, pancreatic cancer, paranasal sinus
and nasal cavity cancer, parathyroid cancer, penile cancer, pheochromocytoma, pituitary tumor,
pleuropulmonary blastoma, prostate cancer, rectal cancer, renal cell (kidney) cancer, transitional
cell cancer (e.g., renal pelvis and ureter), retinoblastoma, rhabdomyosarcoma, salivary gland
cancer, malignant fibrous histiocytoma of bone, soft tissue sarcoma, sezary syndrome, skin
cancer, small intestine cancer, stomach (gastric) cancer, supratentorial primitive neuroectodennal
and pineal tumors, cutaneous t-celllymphoma, testicular cancer, malignant thymoma, thyroid
cancer, gestational trophoblastic tumor, urethral cancer, uterine sarcoma, vaginal cancer, vulvar
cancer, and Wilms' tumor. In other embodiments, the cancer is a non-small cell lung cancer. In
other embodiments of the methods described herein, the cancer is a dedifferentiated ID-driven
cancer. In yet other embodments, the cancer is a hematologic cancer. In other embodments, the
cancer is a cancer that is sensitive to USP-1 inhibiton. In yet other embodments, the cancer is a

cancer that is sensitive to USP-1 inhibiton due to a dysfunctional DNA-repair pathway.

[00223] In any of the embodiments of the application, the cancer can be any cancer in any
organ, for example, a cancer is selected from the group consisting of glioma, thyroid carcinoma,
breast carcinoma, small-cell lung carcinoma, non-small-cell carcinoma, gastric carcinoma, colon

carcinoma, gastrointestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS
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carcinoma, ovarian carcinoma, endometrial carcinoma, prostate carcinoma, renal carcinoma,
anaplastic large-cell lymphoma, leukemia, multiple myeloma, mesothelioma, and melanoma, and

combinations thereof.

[00224] In other embodiments, the cancer is selected from liposarcoma, neuroblastoma,
glioblastoma, bladder cancer, adrenocortical cancer, multiple myeloma, colorectal cancer, non-
small cell lung cancer, Human Papilloma Virus-associated cervical, oropharyngeal, penis, anal,
thyroid or vaginal cancer or Epstein-Barr Virus-associated nasopharyngeal carcinoma, gastric

cancer, rectal cancer, thyroid cancer, Hodgkin lymphoma and diffuse large B-cell lymphoma.

[00225] Another aspect of the application is directed to pharmaceutical compositions
comprising a compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate,
prodrug, stereoisomer, or tautomer thereof, and a pharmaceutically acceptable carrier. The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[00226] In one embodiment, methods of treating a disease or disorder associated with
modulation of ubiquitin specific protease 1 (USP1) including, cancer, comprise administering to

a patient suffering from at least one of said diseases or disorder a compound of Formula (I).

[00227] One therapeutic use of the compounds or compositions of the present application
which inhibit ubiquitin specific protease 1 (USP1) is to provide treatment to patients or subjects

suffering from cancer.

[00228] The disclosed compounds of the application can be administered in effective amounts

to treat or prevent a disorder and/or prevent the development thereof in subjects.

[00229] Compounds of the application can be administered in therapeutically effective
amounts in a combinational therapy with one or more therapeutic agents (pharmaceutical
combinations) or modalities, e.g., non-drug therapies. For example, synergistic effects can occur
with other anti-proliferative, anti-cancer, immunomodulatory or anti-inflammatory substances.
Where the compounds of the application are administered in conjunction with other therapies,
dosages of the co-administered compounds will of course vary depending on the type of co-drug
employed, on the specific drug employed, on the condition being treated and so forth.

[00230] Combination therapy includes the administration of the subject compounds in further

combination with other biologically active ingredients (such as, but not limited to, a second and
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different antineoplastic agent or a second agent that targets a USP-1 independent mechanism of
DNA repair) and non-drug therapies (such as, but not limited to, surgery or radiation treatment).
For instance, the compounds of the application can be used in combination with other
pharmaceutically active compounds, preferably compounds that are able to enhance the effect of
the compounds of the application. The compounds of the application can be administered
simultaneously (as a single preparation or separate preparation) or sequentially to the other drug
therapy or treatment modality. In general, a combination therapy envisions administration of two
or more drugs during a single cycle or course of therapy.

[00231] Administration of the disclosed compounds can be accomplished via any mode of
administration for therapeutic agents. These modes include systemic or local administration
such as oral, nasal, parenteral, transdermal, subcutaneous, vaginal, buccal, rectal or topical

administration modes.

[00232] Depending on the intended mode of administration, the disclosed compositions can be
in solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets,
suppositories, pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders, liquids,
suspensions, or the like, sometimes in unit dosages and consistent with conventional
pharmaceutical practices. Likewise, they can also be administered in intravenous (both bolus
and infusion), intraperitoneal, subcutaneous or intramuscular form, and all using forms well

known to those skilled in the pharmaceutical arts.

[00233] Illustrative pharmaceutical compositions are tablets and gelatin capsules comprising a
Compound of the Application and a pharmaceutically acceptable carrier, such as a) a diluent,
e.g., purified water, triglyceride oils, such as hydrogenated or partially hydrogenated vegetable
oil, or mixtures thereof, corn oil, olive oil, sunflower oil, safflower oil, fish oils, such as EPA or
DHA, or their esters or triglycerides or mixtures thereof, omega-3 fatty acids or derivatives
thereof, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, sodium, saccharin, glucose
and/or glycine; b) a lubricant, e.g., silica, talcum, stearic acid, its magnesium or calcium salt,
sodium oleate, sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium
chloride and/or polyethylene glycol; for tablets also; ¢) a binder, e.g., magnesium aluminum
silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose,
magnesium carbonate, natural sugars such as glucose or beta-lactose, corn sweeteners, natural

and synthetic gums such as acacia, tragacanth or sodium alginate, waxes and/or
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polyvinylpyrrolidone, if desired; d) a disintegrant, e.g., starches, agar, methyl cellulose,
bentonite, xanthan gum, algic acid or its sodium salt, or effervescent mixtures; e) absorbent,
colorant, flavorant and sweetener; f) an emulsifier or dispersing agent, such as Tween 80,
Labrasol, HPMC, DOSS, caproyl 909, labrafac, labrafil, peceol, transcutol, capmul MCM,
capmul PG-12, captex 355, gelucire, vitamin E TGPS or other acceptable emulsifier; and/or g)
an agent that enhances absorption of the compound such as cyclodextrin, hydroxypropyl-

cyclodextrin, PEG400, and PEG200.

[00234] Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, etc. For example, the disclosed compound is dissolved in or mixed with
a pharmaceutically acceptable solvent such as, for example, water, saline, aqueous dextrose,
glycerol, ethanol, and the like, to thereby form an injectable isotonic solution or suspension.
Proteins such as albumin, chylomicron particles, or serum proteins can be used to solubilize the

disclosed compounds.

[00235] The disclosed compounds can be also formulated as a suppository that can be
prepared from fatty emulsions or suspensions; using polyalkylene glycols such as propylene

glycol, as the carrier.

[00236] Parental injectable administration is generally used for subcutaneous, intramuscular
or intravenous injections and infusions. Injectables can be prepared in conventional forms, either
as liquid solutions or suspensions or solid forms suitable for dissolving in liquid prior to
injection.

[00237] Another aspect of the application is directed to pharmaceutical compositions

comprising a compound of Formula (I) and a pharmaceutically acceptable carrier. The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[00238] The dosage regimen utilizing the disclosed compound is selected in accordance with a
variety of factors including type, species, age, weight, sex and medical condition of the patient;
the severity of the condition to be treated; the route of administration; the renal or hepatic
function of the patient; and the particular disclosed compound employed. A physician or
veterinarian of ordinary skill in the art can readily determine and prescribe the effective amount

of the drug required to prevent, counter or arrest the progress of the condition.
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[00239] Effective dosage amounts of the disclosed compounds, when used for the indicated
effects, range from about 0.5 mg to about 5000 mg of the disclosed compound as needed to treat
the condition. Compositions for in vivo or in vitro use can contain about 0.5, 5, 20, 50, 75, 100,
150, 250, 500, 750, 1000, 1250, 2500, 3500, or 5000 mg of the disclosed compound, or, in a
range of from one amount to another amount in the list of doses. In one embodiment, the

compositions are in the form of a tablet that can be scored.

Examples

[00240] The disclosure is further illustrated by the following examples and synthesis schemes,
which are not to be construed as limiting this disclosure in scope or spirit to the specific
procedures herein described. It is to be understood that the examples are provided to illustrate
certain embodiments and that no limitation to the scope of the disclosure is intended thereby. It
is to be further understood that resort may be had to various other embodiments, modifications,
and equivalents thereof which may suggest themselves to those skilled in the art without

departing from the spirit of the present disclosure and/or scope of the appended claims.
Analytical Methods, Materials, and Instrumentation

[00241] Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance (NMR) spectra were obtained on
either Bruker or Varian spectrometers at 300 or 400 MHz. Spectra are given in ppm (0) and
coupling constants, J, are reported in Hertz. Tetramethylsilane (TMS) was used as an internal
standard. Mass spectra were collected using a Waters ZQ Single Quad Mass Spectrometer (ion
trap ESI). Purity and low resolution mass spectral data were measured using Waters Acquity i-
class ultra-performance liquid chromatography (UPLC) system with Acquity Photo Diode Array
Detector, Acquity Evaporative Light Scattering Detector (ELSD) and Waters ZQ Mass
Spectrometer. Data was acquired using Waters MassLynx 4.1 software and purity characterized
by UV wavelength 220 nm, ELSD and ESI. Column: Acquity UPLC BEH C18 1.7um 2.1 X 50
mm; Flow rate 0.6 mL/min; Solvent A (95/5/0.1 10 mM ammonium formate/acetonitrile/formic
acid), Solvent B (95/5/0.09 acetonitrile/water/formic acid); gradient: 5-100% B from 0 to 2 min,
hold 100% B to 2.2 min, then 5% B at 2.21 min. Preparatory HPLC purifications were
conducted on a Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x 50 mm, Waters
XBridge BEH C18 OBD Prep Column, 130A, 5 pm, 19 mm X 50 mm with UV detection
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(Waters 2489 UV/998 PDA), Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x
150 mm, Waters XBridge BEH Shield RP18 OBD Prep Column, 130 A, S um, 19 mm x
150 mm, or Waters XSelect CSH C18 OBD Prep Column, 1301&, S pum, 19 mm x 150 mm at 254
nm or 220 nm using a standard solvent gradient program (see HPLC Methods 1-8 designated
below). Preparatory chiral HPLC purifications were conducted using either a Phenomenex Lux
Su Cellulose-4 column, AXIA Packed 250 mm X 21.2 mm, 5 um or a Daicel CHIRALPAK® IC
20 x 250 mm, 5 um column. Technical specifications used for the analytical characterization of

compounds are detailed in LCMS Method 1 (preparation of intermediates) or LCMS Method 2.

Preparative HPLC Aqueous Method 1 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % formic acid; Mobile phase B: acetonitrile with

0.1 % formic acid
Column: Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x 50 mm.
Column temperature: Ambient

LC gradient: Hold 0% B for 0.9 min, then 0% to 5% in 0.01 min; then 5% to 35% in 3.84 min;
then 35% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01 min; hold at
0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Aqueous Method 2 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % ammonium hydroxide; Mobile phase B:

acetonitrile with 0.1 % ammonium hydroxide

Column: Waters XBridge BEH C18 OBD Prep Column, 130 A, S pum, 19 mm X 50 mm
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Column temperature: Ambient

LC gradient: Hold 0% B for 0.9 min, then 0% to 5% in 0.01 min; then 5% to 35% in 3.84 min;
then 35% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01 min; hold at
0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Polar Method 3 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % formic acid; Mobile phase B: acetonitrile with

0.1 % formic acid
Column: Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x 50 mm
Column temperature: Ambient

LC gradient: 15% for 0.9 min, then 15% to 25% in 0.01 min, then 25% to 65% in 3.84 min; and
65% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01 min; hold at 0%
for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Polar Method 4 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % ammonium hydroxide; Mobile phase B:

acetonitrile with 0.1 % ammonium hydroxide

Column: Waters XBridge BEH C18 OBD Prep Column, 130 A, 5 um, 19 mm X 50 mm
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Column temperature: Ambient

LC gradient: Hold 15% B for 0.9 min, then 15% to 25% in 0.01 min; then 25% to 65% in 3.84
min; then 65 to 100% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01
min; hold at 0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Generic Method 5 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % formic acid; Mobile phase B: acetonitrile with

0.1 % formic acid
Column: Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x 50 mm
Column temperature: Ambient

LC gradient: Hold 35% B for 0.9 min, then 35% to 45% in 0.01 min; then 45% to 85% in 3.84
min; then 85 to 100% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01
min; hold at 0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Generic Method 6 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % ammonium hydroxide; Mobile phase B:

acetonitrile with 0.1 % ammonium hydroxide

Column: Waters XBridge BEH C18 OBD Prep Column, 130 A, 5 um, 19 mm X 50 mm
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Column temperature: Ambient

LC gradient: Hold 35% B for 0.9 min, then 35% to 45% in 0.01 min; then 45% to 85% in 3.84
min; then 85 to 100% to 100% in 0.01 min; hold at 100% for 0.74 min, then 100% to 0% in 0.01
min; hold at 0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Non-Polar Method 7 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % formic acid; Mobile phase B: acetonitrile with

0.1 % formic acid
Column: Waters SunFire C18 OBD Prep Column, 100 A, 5 um, 19 mm x 50 mm
Column temperature: Ambient

LC gradient: Hold 50% B for 0.9 min, then 50% to 60% in 0.01 min; then 60% to 100% in 3.84
min; then hold at 100% for 0.75 min, then 100% to 0% in 0.01 min; hold at 0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

Preparative HPLC Non-Polar Method 8 (ESI, 6 min method):

Instruments: HPLC: Waters 2545 Binary Gradient Module. MS: Waters 3100/ZQ Mass
Detector. UV: Waters 2489 UV/998 PDA.

Conditions: Mobile phase A: water with 0.1 % ammonium hydroxide; Mobile phase B:

acetonitrile with 0.1 % ammonium hydroxide
Column: Waters XBridge BEH C18 OBD Prep Column, 130 A, S pum, 19 mm X 50 mm

Column temperature: Ambient
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LC gradient: Hold 50% B for 0.9 min, then 50% to 60% in 0.01 min; then 60% to 100% in 3.84
min; then hold at 100% for 0.75 min, then 100% to 0% in 0.01 min; hold at 0% for 0.49 min.

LC Flow rate: 23 mL/min binary pump, 2 mL/min acetonitrile at column dilution
UV wavelength: 220 nm and 254 nm
Ionization Mode: ESI positive/negative

LCMS Method 1 (ESI, 2.5 min method):

Instruments: MS: Waters ZQ Mass Detector, HPLC: Waters Acquity Binary Solvent Manager;
UV: Waters Acquity PDA; LSD: Waters Acquity ELSD

Conditions: Mobile phase A: 95% water/5% acetonitrile with 0.1% formic acid in 10 mM

ammonium formate; Mobile phase B: 95% acetonitrile/5% water with 0.09% formic acid
Column: Waters Acquity UPLC BEH C18, 1.7 um, 2.1 x 50 mm

Column Temperature: 35 °C

LC gradient: 5-100% B over 2.0 min, hold 100% B to 2.2 min

LC Flow Rate: 0.6 mL/min

UV Wavelength: 220 nm

Ionization Mode: ESI positive/negative

LCMS Method 2 (ESI, 2.5 min method):

Instruments: MS: Waters ZQ Mass Detector; HPLC: Waters Acquity Binary Solvent Manager;
UV: Waters Acquity PDA; ELSD: Waters Acquity ELSD

Conditions: Mobile phase A: 95% water/5% acetonitrile with 0.1% formic acid; Mobile phase
B: 95% acetonitrile/5% water with 0.085% formic acid

Column: Waters Acquity UPLC CSH C18, 1.7 um, 2.1 x 50mm
Column Temperature: 35 °C
LC Gradient: 5-100% B over 2.0 min, hold 100% B to 2.2 min

LC Flow Rate: 0.6 mL/min
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Ionization Mode: ESI positive/negative

Abbreviations used in the following examples and elsewhere herein are:

CDI
DCE
DCM
DIEA
DMF
DMSO
dppf
ESI
EtOAc

EtOH

HATU

HBTU

HCl
HPLC
i-PrOH
LCMS

Me4tButylXPhos

MeOH

139258290 v1
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1,1’-carbonyldiimidazole
1,2-dichloroethane
dichloromethane

N, N-diisopropylethylamine
N,N-dimethylformamide
dimethylsulfoxide
bis(diphenylphosphino)ferrocene
electrospray ionization
ethyl acetate

ethanol

hours

1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxid hexafluorophosphate

N,N,N',N'-Tetramethyl-O-(1H-benzotriazol-1-yl)uronium
hexafluorophosphate

hydrogen chloride

high performance liquid chromatography
isopropyl alcohol

liquid chromatography-mass spectrometry

2-Di-tert-butylphosphino-3,4,5,6-tetramethyl-2’,4',6'-triisopropyl-
1,1"-biphenyl

methanol
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min
MS
NaOH

PdAMPHOS

Pd»(dba)sz

Pd(dppf)Cl-CH2Cl2

PE
R
Rt
RuPhos

RuPhos precatalyst

RuPhos Pd G3

tBuXPhos Pd G3

tBuXPhos
THF

TFA
Xantphos
XPhos

XPhos Pd G1
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minutes
mass spectrometry
sodium hydroxide

Dichlorobis{ [4-(N,N-dimethylamino)phenyl]di-t-
butylphosphino } palladium(II)

tris(dibenzylideneacetone)dipalladium

[1,1"-Bis(diphenylphosphino)ferrocene]dichloropalladium(II),

complex with dichloromethane

Petroleum ether

retention factor

retention time
2-Dicyclohexylphosphino-2',6'-diisopropoxybiphenyl

Chloro-(2-dicyclohexylphosphino-2',6'-diisopropoxy-1,1'-
biphenyl)[2-(2-aminoethyl)phenyl]palladium(II) - methyl-z-butyl

ether adduct

(2-Dicyclohexylphosphino-2',6'-diisopropoxy-1,1’-biphenyl)[2-(2'-

amino-1,1"-biphenyl)]palladium(II) methanesulfonate

[(2-Di-tert-butylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)-2-
(2'-amino-1,1'-biphenyl)] palladium(II) methanesulfonate

2-Di-tert-butylphosphino-2',4’,6'-triisopropylbiphenyl
tetrahydrofuran

trifluoroacetic acid
4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene
2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl

(2-Dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-
(2-aminoethyl)phenyl)]palladium(II) chloride
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XPhos Pd G2 Chloro(2-dicyclohexylphosphino-2',4",6'-triisopropyl-1,1'-
biphenyl)[2-(2'-amino-1,1'-biphenyl)]palladium(II)

Example 1: Intermediate B-1. 2-(3-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane
o. .0
B
OH OH
i Br Pd(dppf)ClzCHzClz d‘\ Hy, Pd/C
F K2COs Step 2 F
Step 1
oTf ji

o._.0
THO, TEA Pd(dppf)ClyCH,Cly B
Step 3 F KOAc d\
Step 4 F
B-1
Step 1. 3-Fluoro-2-(prop-1-en-2-yl)phenol

[00242] A mixture of 2-bromo-3-fluorophenol (2 g, 10.47 mmol), 4,4,5,5-tetramethyl-2-(prop-
1-en-2-yl)-1,3,2-dioxaborolane (1.95 g, 11.60 mmol), Pd(dppf)Cl>CH2ClI> (858 mg, 1.05 mmol),
potassium carbonate (2.90 g, 21.00 mmol), water (4 mL) and 1,4-dioxane (20 mL) was stirred for
16 h at 60 °C under an atmosphere of nitrogen. After cooling to ambient temperature, the
reaction mixture was concentrated under vacuum and the residue was purified by silica gel
chromatography eluting with EtOAc/PE (1:2) to afford 500 mg (31%) of 3-fluoro-2-(prop-1-en-
2-yDphenol as light brown oil. MS (ESI) m/z 153 [M+H]".

Step 2. 3-Fluoro-2-isopropylphenol

[00243] A flask containing 3-fluoro-2-(prop-1-en-2-yl)phenol (500 mg, 3.29 mmol) and
palladium on carbon (10 wt. %, 500 mg) in MeOH (20 mL) was evacuated and back-filled with

hydrogen three times and then charged with hydrogen. The resulting mixture was stirred for 16 h
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at ambient temperature, then was filtered and concentrated under vacuum resulting in 500 mg

(99%) of 3-fluoro-2-isopropylphenol. MS (ESI) m/z 155 [M+H]*.
Step 3. 3-Fluoro-2-isopropylphenyl trifluoromethanesulfonate

[00244] A solution of 3-fluoro-2-(propan-2-yl)phenol (500 mg, 3.24 mmol) and triethylamine
394 mg, 3.89 mmol) in DCM (8 mL) at 0 °C was treated dropwise with
trifluoromethanesulfonic anhydride (1 g, 3.55 mmol). The resulting solution was stirred for 2 h at
0 °C, whereupon the reaction mixture was poured into water (10 mL), and extracted with DCM
(2 x 20 mL). The organic layers were combined, washed with brine (10 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by
silica gel chromatography (eluting with a gradient of 1-10% EtOAc/PE) resulting in 570 mg
(61%) of 3-fluoro-2-isopropylphenyl trifluoromethanesulfonate. 'H NMR (300 MHz, DMSO-
de) 0 7.52-7.43 (m, 1H), 7.40-7.33 (m, 1H), 7.25 (d, J = 8.4 Hz, 1H), 3.29-3.17 (m, 1H), 1.32 (d,
J =6.90 Hz, 3H), 1.31 (d, J/ = 6.9 Hz, 3H).

Step 4. 2-(3-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

[00245] A mixture of 3-fluoro-2-(propan-2-yl)phenyl trifluoromethanesulfonate (550 mg, 1.92
mmol), 4.,4,5,5-tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (977
mg, 3.85 mmol), Pd(dppf)Cl>CH2Cl2 (155 mg, 0.19 mmol), potassium acetate (377 mg, 3.84
mmol) and 1,4-dioxane (20 mL) was stirred for 16 h at 80 °C under an atmosphere of nitrogen.
The mixture was cooled to ambient temperature, concentrated under vacuum, and was purified
by silica gel chromatography eluting with EtOAc/PE (1/100-1/10) to afford 400 mg (79%) of 2-
(3-fluoro-2-isopropylphenyl)-4.4,5,5-tetramethyl-1,3,2-dioxaborolane. =~ MS (ESI) m/z 265
[M+H]*.

Intermediate B-2. 2-Isopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine
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[00246] 2-Isopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine was synthesized
according to Example 1, substituting 2-bromopyridin-3-ol for 2-bromo-3-fluorophenol. MS
(ESI) m/z 248 [M+H]*.

Intermediate B-3. 2-(2-Fluoro-6-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

o .0
B

B-3

[00247] 2-(2-Fluoro-6-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was
synthesized from 2-bromo-6-fluorophenol according to the procedure outlined for Example 1.

MS (ESI) m/z 264 [M+H]*

Intermediate B-4. 2-(2-(Difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

[00248] 2-(2-(Difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was prepared
from 1-bromo-2-(difluoromethyl)benzene according to Step 4 of Example 1. Purification by
prep-TLC (eluting with 2% EtOAc/PE) afforded the title compound. MS (ESI) m/z 254.1
[M+H]*

Intermediate B-5. 1-Methyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indoline
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[00249] 1-Methyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indoline was synthesized
from 7-bromoindoline following Step 4 of Example 1. MS (ESI) m/z 259.1 [M+H]*

Intermediate B-6. 1-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one

o._.0
B O

<8

B-6

[00250] 1-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one was
synthesized from 1-(2-bromophenyl)ethan-1-one following Step 4 of Example 1. MS (ESI) m/z
246.8 [M+H]*

Intermediate B-7. 2-(2-(1-Methoxyethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

o o0
/B_B\
o o
Br OH  NaH, CHsl Br 0.5
@/K o/ -

Pd(dppf)Cl, CH,Cl,, o~
KOAc

Step 2

Step 1

Step 1. 1-Bromo-2-(1-methoxyethyl)benzene

[00251] 1-Bromo-2-(1-methoxyethyl)benzene was prepared from 1-(2-bromophenyl)ethan-1-
ol following the conditions in Example 9. MS (ESI) m/z 214.0, 215.9 [M+H]*.
Step 2. 2-(2-(1-Methoxyethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

[00252] 2-(2-(1-Methoxyethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was prepared
from 1-bromo-2-(1-methoxyethyl)benzene following Step 4 of Example 1. MS (ESI) m/z 262.1
[M+H]*.

Intermediate B-8. 2-(2-Cyclopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
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o o #_p
B—B
/ \ o. /o
Br >—B(OH), Br o o B

I L
\© Pd(dppf)Cl,"CH,CI, Pd(dppf)Cl,CH,Cl,
KOAc

K,COs5

B-8
Step 1. 1-Bromo-2-cyclopropylbenzene

[00253] 1-Bromo-2-cyclopropylbenzene was synthesized according to Step 1 of Example 1,
employing 1-bromo-2-iodobenzene and cyclopropylboronic acid. 'H NMR (400 MHz, CD30D)
0 7.53-7.49 (m, 1H), 7.24-7.19 (m, 1H), 7.06-6.93 (m, 2H), 2.18-2.10 (m, 1H), 1.01-0.96 (m,
2H), 0.68-0.53 (m, 2H).

Step 2. 2-(2-Cyclopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

[00254] A mixture of 1-bromo-2-cyclopropylbenzene (11.00 g, 55.82 mmol),
Pd(dppf)CloCH2Cl> (4.56 g, 5.58 mmol), potassium acetate (16.43 g, 167.45 mmol), 4,4,5,5-
tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (17.01 g, 66.98 mmol)
and 1,4-dioxane (500 mL) was stirred for 16 h at 90 °C under an atmosphere of nitrogen. After
cooling to ambient temperature, the reaction mixture was poured into water (200 mL) and was
extracted with EtOAc (3 x 200 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with 0% to 0.1% EtOAc/PE), the product was further purified by Cis-
reversed phase silica gel chromatography (eluting 5% to 100% acetonitrile/aqueous Sodium
hydrideCOs; solution (10 mmol)). This resulted in 6.1 g (44%) of 2-(2-cyclopropylphenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane as a yellow oil. '"H NMR (400 MHz, CD30OD) & 7.70-
7.63 (m, 1H), 7.37-7.19 (m, 1H), 7.18-7.06 (m, 1H), 6.91-6.81 (m, 1H), 2.74-2.62 (m, 1H), 1.38-
1.35 (m, 12H), 1.00-0.89 (m, 2H), 0.72-0.60 (m, 2H). MS (ESI) m/z 244.9 [M+H]*.

Intermediate B-9. 2-Cyclopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine
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OH OTf
ﬁj\(sr o 1 e Brzn{l @A #L
N |
7 Py N papeg, Pd(dppf)Cly CH,Cly, _N
KoCOs

\

/

Step 2
Step 3

Step 1. 2-Bromopyridin-3-yl trifluoromethanesulfonate

[00255] A mixture of 2-bromopyridin-3-ol (25 g, 143.68 mmol) and pyridine (145 mL) at
0 °C was treated by dropwise addition of trifluoromethanesulfonic anhydride (24.2 mL, 143.24
mmol) and the resulting solution was stirred overnight at ambient temperature. The reaction
mixture was poured into saturated sodium bicarbonate solution (500 mL) and was then extracted
with DCM (200 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by vacuum distillation under
reduced pressure (-0.2 MPa). The fraction collected at 130 °C afforded 25 g (57%) of 2-
bromopyridin-3-yl trifluoromethanesulfonate as a colorless oil. MS (ESI) m/z 304.9, 306.9 [M]*.

Step 2. 2-Cyclopropylpyridin-3-yl trifluoromethanesulfonate

[00256] Under nitrogen, a mixture of 2-bromopyridin-3-yl (5.0 g, 16.34 mmol) and
tetrakis(triphenylphosphine)palladium(0) (944 mg, 0.82 mmol) in THF (25 mL) was treated with
bromo(cyclopropyl)zinc (43 mL of a 0.5 M solution in THF, 21.3 mmol) at ambient temperature.
The resulting solution was stirred for 16 h at 70 °C. After cooling to ambient temperature, the
reaction mixture was poured into saturated sodium bicarbonate solution (100 mL) and was
extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with 5% EtOACc/PE) to afford 1.9 g (44%) of 2-cyclopropylpyridin-3-yl
trifluoromethanesulfonate as a colorless oil. MS (ESI) m/z 267.0 [M+H]*.

Step 3. 2-Cyclopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine

[00257]  Under nitrogen, a mixture of 2-cyclopropylpyridin-3-yl trifluoromethanesulfonate (5
g, 18.71 mmol), 4,4,5,5-tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane
(5.71 g, 22.49 mmol), potassium carbonate (5.25 g, 37.99 mmol) and Pd(dppf)Clz-CH2Cl, (1.56

g, 1.91 mmol) in 1,4-dioxane (80 mL) was stirred for 20 h at 100 °C. After cooling to ambient
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temperature, the reaction mixture was poured into EtOAc (250 mL), washed with brine (100
mL), dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was initially purified by silica gel chromatography (eluting with a gradient of 0-15% EtOAc/PE),
then was further purified by Cis-reversed phase silica gel chromatography (eluting with 0% to
35% acetonitrile/10 mmol aqueous NH4sHCO3 solution) resulting in 3 g (65%) of 2-cyclopropyl-
3-(tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine as a brown oil. 'H NMR (400 MHz, CDCl3)
8.46-8.44 (m, 1H), 7.98-7.96 (m, 1H), 7.00-6.97 (m, 1H), 2.84-2.89 (m, 1H), 1.36 (s, 12H), 1.11-
1.07 (m, 2H), 0.98-0.95 (m, 2H). MS (ESI) m/z 164.2 [M+H-CsHio]"*.

Example 2: Intermediate B-10. 4-(1H-1,2,3-triazol-1-yl)benzonitrile and Intermediate B-11.
4-(2H-1,2,3-triazol-2-yl)benzonitrile

N

F \
L

N

N\
K,COj3 N~ N
11

CN B-10 B-

[00258] A mixture of 4-fluorobenzonitrile (20 g, 165.14 mmol), 1H-1,2,3-triazole (13 g,
188.23 mmol) and potassium carbonate (46 g, 332.83 mmol) in DMF (50 mL) was stirred for 18
h at 80 °C. After cooling to ambient temperature, the reaction mixture was poured into water
(200 mL) and was then extracted with EtOAc (3 x 50 mL). The organic layers were combined,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 3:1 EtOAc/PE) to afford 10 g (36%) of 4-
(1H-1,2,3-triazol-1-yl)benzonitrile as a white solid, and 9 g (32%) of 4-(2H-1,2,3-triazol-2-

yl)benzonitrile as a white solid.

[00259] Intermediate B-10, 4-(1H-1,2,3-triazol-1-yl)benzonitrile (R = 0.2 in 50%
EtOAc/PE): 'H NMR (300 MHz, DMSO-ds) & 8.24 (s, 2H), 8.22-8.16 (m, 2H), 8.09-8.00 (m,
2H). MS (ESI) m/z 171 [M+H]".

[00260] Intermediate B-11, 4-(2H-1,2,3-triazol-2-yl)benzonitrile (R = 0.8 in 50%
EtOAc/PE): 'H NMR (300 MHz, DMSO-de) 4 9.00 (d, J = 1.2 Hz, 1H), 8.25-8.05 (m, 4H), 8.04
(d, J = 1.2 Hz, 1H). MS (ESI) m/z 171 [M+H]".

Example 3: Intermediate B-12. (4-(1H-1,2,3-Triazol-1-yl)phenyl)methanamine
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H,N
O e MO
NcN ‘NcN
B-12

B-10

[00261] A solution of Intermediate B-10 (8 g, 47.01 mmol) in THF (20 mL) at 0 °C was
treated batchwise with lithium aluminum hydride (5.7 g, 150.20 mmol). Once addition was
complete, the resulting solution was stirred for 2 h at 0 °C then was quenched by addition of
sodium sulfate decahydrate. The resulting mixture was filtered, concentrated under vacuum and
was purified by silica gel chromatography (eluting with 10:1 DCM/MeOH) to afford [4-(1H-
1,2,3-triazol-1-yl)phenylJmethanamine (7.5 g, white solid, 92%). MS (ESI) m/z 175 [M+H]".

Intermediate B-13. (4-(2H-1,2,3-Triazol-2-yl)phenyl)methanamine
H2N N\
)N
N
B-13

[00262] (4-(2H-1,2,3-Triazol-2-yl)phenyl)methanamine was synthesized from 4-(2H-1,2,3-
triazol-2-yl)benzonitrile following Example 3. MS (ESI) m/z 175 [M+H]*.

Example 4: Intermediate B-14. (2-Chloro-4-(1H-pyrazol-1-yl)phenyl)methanamine

H
N :\<
C'jQ/B' \J —NH HN— °N Raney Ni N
~  H,N
NC Cul, K2C03 NC Step 2 2
Step 1 Cl Cl

B-14

Step 1. 2-Chloro-4-(1H-pyrazol-1-yl)benzonitrile

[00263] Under an atmosphere of nitrogen was placed 4-bromo-2-chlorobenzonitrile (4.3 g,
19.86 mmol), 1H-pyrazole (2 g, 29.38 mmol), copper(]) iodide (760 mg, 3.99 mmol), trans-N,N -
dimethylcyclohexane-1,2-diamine (1.2 g, 8.44 mmol), potassium carbonate (5.5 g, 39.79 mmol)
and 1,4-dioxane (30 mL). The resulting mixture was stirred for 16 h at 110 °C. After cooling to

ambient temperature, the reaction mixture was filtered and concentrated under vacuum. The
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residue was purified by silica gel chromatography (eluting with 1:1 EtOAc/PE) to afford 3 g
(74%) of 2-chloro-4-(1H-pyrazol-1-yl)benzonitrile as a yellow solid. MS (ESI) m/z 204 [M+H]*.
Step 2. (2-Chloro-4-(1H-pyrazol-1-yl)phenyl)methanamine

[00264] A mixture of 2-chloro-4-(1H-pyrazol-1-yl)benzonitrile (3 g, 14.73 mmol), Raney
nickel (3 g) and MeOH (40 mL) was evacuated and backfilled with hydrogen several times and
was then charged with hydrogen. The resulting mixture was stirred for 2 h at ambient
temperature, then was filtered and concentrated under vacuum to afford 1 g (33%) of [2-chloro-

4-(1H-pyrazol-1-yl)phenyl]methanamine as a green solid. MS (ESI) m/z 208 [M+H]*.

Intermediate B-15. (2-Fluoro-4-(1H-pyrazol-1-yl)phenyl)methanamine
"

N
H,N

F
B-15

[00265] (2-Fluoro-4-(1H-pyrazol-1-yl)phenyl)methanamine was synthesized from 4-bromo-2-
fluorobenzonitrile according to Example 4. MS (ESI) m/z 192 [M+H]*.

Example 5: Intermediate B-16. 1-(4-(1H-Pyrazol-1-yl)phenyl)ethan-1-amine

HD /4>
Q N N_. 7 CH3ONH,HCI

Br -
—NH HN— N
Cul, K2C03

o 0 Step 2
Step 1

i

N BH3 N

Step 3
B-16

Step 1. 1-(4-(1H-Pyrazol-1-yl)phenyl)ethan-1-one
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[00266] 1-(4-(1H-Pyrazol-1-yl)phenyl)ethan-1-one was prepared from 1-(4-
bromophenyl)ethan-1-one according to Step 1 of Example 4. MS (ESI) m/z 187 [M+H]*.

Step 2. 1-(4-(1H-Pyrazol-1-yl)phenyl)ethan-1-one O-methyl oxime

[00267] A mixture of 1-(4-(1H-pyrazol-1-yl)phenyl)ethan-1-one (3.2 g, 17.30 mmol), O-
methylhydroxylamine hydrochloride (2.14 g, 25.62 mmol), acetic acid (6 mL) and EtOH (60
mL) was stirred for 16 h at ambient temperature. The reaction mixture was concentrated under
vacuum, then was purified by silica gel chromatography (eluting with 1:1 EtOAc/PE) to afford
3.0 g (81%) of 1-(4-(1H-pyrazol-1-yl)phenyl)ethan-1-one O-methyl oxime as a white solid. MS
(ESI) m/z 216 [M+H]*.

Step 3. 1-(4-(1H-Pyrazol-1-yl)phenyl)ethan-1-amine

[00268] A mixture of 1-(4-(1H-pyrazol-1-yl)phenyl)ethan-1-one O-methyl oxime (3.0 g,
13.98 mmol) was treated with a solution of borane in THF (1 M, 40 mL, 40 mmol) and the
resulting solution was stirred for 16 h at 80 °C. After cooling to ambient temperature, MeOH
(20 mL) was added and the resulting solution was stirred for additional 3 h. The mixture was
concentrated under vacuum and purified by silica gel chromatography (eluting with 10:1
DCM/MeOH) to afford 2.0 g (77%) of 1-(4-(1H-pyrazol-1-yl)phenyl)ethan-1-amine as a
colorless oil. MS (ESI) m/z 188 [M+H]*.

Example 6: Intermediate B-17. (4-(1H-Pyrazol-1-yl)phenyl)methanamine

CN N
On S el -
N/ Raney Ni, Pd/C N/
K2CO3 NCO LiOH H2Nv©/

Step 1 Step 2 B-17

Step 1. 4-(1H-Pyrazol-1-yl)benzonitrile

[00269] A mixture of 1H-pyrazole (15 g, 220.34 mmol), 4-fluorobenzonitrile (27 g, 222.93
mmol), potassium carbonate (60.7 g, 439.19 mmol) in DMF (200 mL) was stirred for 16 h at
110 °C. After cooling to ambient temperature, the reaction mixture was poured into water (500
mL) and the resulting solids were collected by filtration and dried under vacuum, resulting in 30
g (80%) of 4-(1H-pyrazol-1-yl)benzonitrile. MS (ESI) m/z 170 [M+H]*.
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Step 2. (4-(1H-Pyrazol-1-yl)phenyl)methanamine

[00270] A mixture of 4-(1H-pyrazol-1-yl)benzonitrile (15 g, 88.66 mmol), Raney nickel (10
g), palladium on carbon (10 wt. %, 1 g) and lithium hydroxide (1 g, 41.75 mmol) in EtOAc (200
mL) was evacuated and back-filled with hydrogen several times and then charged with hydrogen.
The resulting mixture was stirred for 16 h at ambient temperature, then was filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
a gradient of 1-10% DCM/MeOH) resulting in 8 g (52%) of (4-(1H-pyrazol-1-
yl)phenyl)methanamine. MS (ESI) m/z 174 [M+H]".

Example 7: Intermediate B-18. tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-4-
yl)piperidine-1-carboxylate

Boc Boc
0\ N/ N
Br B \ N—-Boc
] \S o =
N ]
N Pd(dppf)Cl, CH,Cl,,Na,CO3 N/ \ i. Pd/C, H, N, \
. N
N
1,4-dioxane/H,0 ii. Raney Ni, Hy
NH3;, MeOH
Step 1
CN Step 2
NC H,N
B-18

Step 1. tert-Butyl 4-(1-(4-cyanophenyl)-1H-pyrazol-4-yl)-3,6-dihydropyridine-1(2H)-

carboxylate

[00271] In a 250 mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, a mixture of 4-(4-bromo-1H-pyrazol-1-yl)benzonitrile (prepared from 4-bromo-1H-
pyrazole following Step 1 of Example 6) (2.4 g, 9.67 mmol), tert-butyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylate  (3.59 g, 11.61 mmol),
Pd(dppf)CloCH2CL2 (1.19 g, 1.46 mmol), potassium carbonate (4 g, 28.94 mmol), 1,4-dioxane
(70 mL) and water (16 mL) was stirred at 80 °C for 16 h. After cooling to room temperature, the
reaction mixture was poured into water (50 mL) and was extracted with ethyl acetate (3 x 50
mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
1/2 ethyl acetate/petroleum ether) to afford 3.3 g (97%) of tert-butyl 4-(1-(4-cyanophenyl)-1H-
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pyrazol-4-yl)-3,6-dihydropyridine-1(2H)-carboxylate as a brown solid. MS (ESI) m/z 351.0
[M+H]*.

Step 2. tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-4-yl)piperidine-1-carboxylate

[00272] A mixture of fert-butyl 4-(1-(4-cyanophenyl)-1H-pyrazol-4-yl)-3,6-dihydropyridine-
1(2H)-carboxylate (1 g, 2.85 mmol), methanol (100 mL) and palladium on carbon (10 wt. %
loading, 500 mg) was placed under an atmosphere of hydrogen and was stirred for 30 min at
ambient temperature. The reaction mixture was filtered and concentrated under vacuum. The
residue was treated with a solution of ammonia in methanol (7 M, 20 mL) and Raney Ni (500
mg), placed under an atmosphere of hydrogen, and stirred for 1 h at ambient temperature. The
reaction mixture was filtered and concentrated under vacuum to afford 0.8 g (79%) of tert-butyl
4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-4-yl)piperidine-1-carboxylate as a colorless oil. MS
(ESI) m/z357.2 [M+H]* .

Example 8: Intermediate B-19. 2-(4-(1H-Pyrazol-1-yl)phenyl)cyclobutan-1-amine

CHO

i [>—sPh,BF,

t-BuOK NHon HCI Raney Ni
NaOAc NH3 MeOH

N. ji. HBF,-Et,0
&/ Step 1 Step 2 N‘N Step 3
\

B-19
Step 1. 2-(4-(1H-Pyrazol-1-yl)phenyl)cyclobutan-1-one

[00273] A solution of 4-(1H-pyrazol-1-yl)benzaldehyde (prepared from 4-fluorobenzaldehyde
following Step 1 of Example 6) (1.5 g, 8.71 mmol) and cyclopropyldiphenylsulfonium
tetrafluoroborate (2.74 g, 8.72 mmol) in THF (90 mL) was treated with dropwise addition of a
solution of potassium tert-butoxide (1 M in THF, 13 mL, 13 mmol) with stirring at 0 °C. After
stirring for 1 h at 0 °C, tetrafluoroboric acid diethyl ether complex (50-55% w/w, 15 mL) was
added and the resulting mixture was stirred for 16 h at ambient temperature. The reaction
mixture was poured into diethyl ether (300 mL), washed with saturated aqueous sodium
carbonate (3x300 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by silica gel chromatography (eluting with a gradient of 1-
166

139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

40% EtOACc/PE) to afford 1.4 g (76%) of 2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutan-1-one as a
yellow solid. MS (ESI) m/z 213 [M+H]".

Step 2. 2-(4-(1H-Pyrazol-1-yl)phenyl)cyclobutan-1-one oxime

[00274] A solution of 2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutan-1-one (900 mg, 4.24 mmol),
sodium acetate (522 mg, 6.37 mmol) and hydroxylammonium chloride (440 mg, 6.38 mmol) in
MeOH (10 mL) was stirred for 30 min at ambient temperature. Then the reaction mixture was
poured into methyl fertiary butyl ether (50 mL) and was washed with water (2 x 50 mL) and
brine (2 x 50 mL), dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by silica gel chromatography (eluting with a gradient of 1-30%
EtOACc/PE) to afford 320 mg (33%) of 2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutan-1-one oxime as
a light yellow solid. MS (ESI) m/z 228 [M+H]".

Step 3. 2-(4-(1H-Pyrazol-1-yl)phenyl)cyclobutan-1-amine

[00275] A flask containing a mixture of 2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutan-1-one
oxime (820 mg, 3.61 mmol), Raney nickel (800 mg) and a solution of ammonia in MeOH (7M,
40 mL, 28 mmol) was placed under an atmosphere of hydrogen gas and was stirred for 1 h at
ambient temperature. The reaction mixture was filtered and concentrated under vacuum to
afford 750 mg (97%) of 2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutan-1-amine as a greenish oil. MS
(ESI) m/z 214 [M+H]".

Intermediate B-20. 4-(5-(Trifluoromethyl)-1H-imidazol-2-yl)benzonitrile

Br i. NaOAc "f/\>\c,=
)}(CFS N O
Br ji. NH,OH H
o NC
NC@—CHO
B-20

[00276] A mixture of 3,3-dibromo-1,1,1-trifluoropropan-2-one (6.13 g, 22.72 mmol), sodium

acetate (1.88 g, 22.93 mmol) and water (6 mL) was stirred for 45 min at 100 °C. After cooling

to ambient temperature, the mixture was added to a solution of 4-formylbenzonitrile (3 g, 22.88

mmol) and ammonium hydroxide (20 mL) in MeOH (100 mL) and the resulting mixture was

stirred for 40 min at ambient temperature, then 1 h at 100 °C. After cooling to ambient

temperature, the reaction mixture was concentrated under vacuum and was then extracted with
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EtOAc (3 x 30 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by silica gel chromatography
(eluting with a gradient of 1-50% EtOAc/PE) to afford 5 g (92%) of 4-(5-(trifluoromethyl)-1H-
imidazol-2-yl)benzonitrile as a yellow solid. MS (ESI) m/z 238 [M+H]*

Example 9: Intermediate  B-21, 4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzonitrile and Intermediate B-22, 4-(1-methyl-5-(trifluoromethyl)-1H-imidazol-2-

yl)benzonitrile

CF;

NN\, CF
N/£> (\7/ 3
\ N\

N’%y\

[ CF;  NaH, CHsl

N - - N +
H \

NC

NC
NC B-21 B-22

[00277] A solution of Intermediate B-20 (5.0 g, 21.08 mmol) in THF (100 mL) at 0 °C was
treated portionwise with sodium hydride (60% dispersion in mineral oil, 844 mg, 21.10 mmol).
After stirring for 1 h at 0 °C, iodomethane (2.99 g, 21.07 mmol) was added dropwise and
resulting mixture was stirred for 2 h at 0 °C. The reaction mixture was poured into water (25 mL)
and was then extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum to afford 4.8 g (91%) of a
~15:1 mixture of 4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile and 4-(1-
methyl-5-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile as a yellow oil. MS (ESI) m/z 251.9
[M+H]*.

[00278] Note: if desired, the minor isomer, 4-(1-methyl-5-(trifluoromethyl)-1H-imidazol-2-
ylbenzonitrile, can be separated from the major isomer, 4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzonitrile, by silica gel chromatography (eluting with a gradient of 0-15%
EtOACc/PE).
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Example 10: Intermediate B-23. (4-(1-Methyl-4-(trifluoromethyl)-1H-imidazol-2-

ylD)phenyl)methanamine

CF; CF,
N\J§ R e Ni N\J§
an
N oo ey N
\ \
NC H>N
B-21 B-23

[00279] A mixture of Intermediate B-21 (1.5 g, 5.97 mmol) and Raney nickel (1.0 g) in
EtOAc (20 mL) was evacuated and backfilled with hydrogen several times and was then charged
with hydrogen. The resulting mixture was stirred for 2 h at ambient temperature, then was
filtered and concentrated under vacuum to afford 1.5 g (98%) of (4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine as a yellow oil. MS (ESI) m/z 256.0
[M+H]*.

Intermediate B-24. (4-(1-(Methyl-d3)-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)

methanamine

CF;

N\\
N

CD,

H,N
B-24

[00280] (4-(1-(Methyl-d3)-4-(trifluoromethyl)- 1 H-imidazol-2-yl)phenyl)methanamine was

prepared in analogous fashion to Intermediate B-23, substituting iodomethane-ds for

iodomethane. MS (ESI) m/z 259.0 [M+H]".
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Intermediate B-25. (4-(1-Methyl-5-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)

methanamine

N\/\}/Cﬁ
\

H,N
B-25

[00281]  (4-(1-methyl-5-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine was
prepared from Intermediate B-22 following Example 10.

Intermediate B-26. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)methanamine

B-26

[00282] (6-(1H-Pyrazol-1-yl)pyridin-3-yl)methanamine =~ was prepared as a yellow oil
according to Example 6. MS (ESI) m/z 175.2 [M+H]*.

Example 11: Intermediate B-27. tert-Butyl 3-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-
yl)pyrrolidine-1-carboxylate

HN. Boc,O, TEA HN\_/ Ex. 6 N NBoc
N N H2N NS
NH —
27

1 NBoc 2
Hel Step Step

B-
Step 1. tert-Butyl 3-(1H-pyrazol-3-yl)pyrrolidine-1-carboxylate

[00283] A mixture of 3-(pyrrolidin-3-yl)-1H-pyrazole hydrochloride (500 mg, 2.88 mmol),
triethyl amine (873 mg, 8.64 mmol) and di-fert-butyl dicarbonate (753 mg, 3.46 mmol) in DCM
(10 mL) was stirred for 1 h at ambient temperature. The reaction mixture was diluted with DCM
(30 mL), washed with water (3 x 30 mL) and brine (50 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum to afford 680 mg (99%) of tert-butyl 3-(1H-
pyrazol-3-yl)pyrrolidine-1-carboxylate as a colorless oil. MS (ESI) m/z 238 [M+H]".
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Step 2. tert-butyl 3-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)pyrrolidine-1-carboxylate

[00284] tert-Butyl 3-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)pyrrolidine-1-carboxylate
was synthesized from fert-butyl 3-(1H-pyrazol-3-yl)pyrrolidine-1-carboxylate following
Example 6. MS (ESI) m/z 343 [M+H]".

Intermediate B-28. (4-(4-Methyl-11-1,2,3-triazol-1-yl)phenyl)methanamine

H,N Ney
<:> Nl
B-28

[00285] (4-(4-Methyl-1H-1,2,3-triazol-1-yl)phenyl)methanamine was prepared according to
conditions outlined in Example 6. MS (ESI) m/z 188.9 [M+H]*.

Intermediate B-29. (4-(3-(4-Methylpiperazin-1-yl)-1H-pyrazol-1-yl)phenyl)methanamine

) ) /\ N H, ) )
N. HN  N— m Raney Ni N.

N N
RuPhos Pd G3 N
Cs,CO3 Step 2
Step 1
CN P

B-29
Step 1. 4-(3-(4-Methylpiperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile

[00286] Under nitrogen, a mixture of 4-(3-iodo-1H-pyrazol-1-yl)benzonitrile (prepared from
3-iodo-1H-pyrazole following Step 1 of Example 6) (2.95 g, 10.00 mmol), 1-methylpiperazine
(1.2 g, 12.00 mmol), RuPhos Pd G3 (836 mg, 1.00 mmol) and cesium carbonate (6.52 g, 20.00
mmol) in 1,4-dioxane (100 mL) was stirred for 18 h at 100 °C. After cooling to ambient
temperature, the reaction mixture was poured into water (100 mL) and was then extracted with
EtOAc (3 x 100 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by silica gel chromatography
(eluting with a gradient of 1-5% DCM/MeOH) to afford 700 mg (25%) of 4-(3-(4-
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methylpiperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile as a white solid. MS (ESI) m/z 268.1
[M+H]*.

Step 2. (4-(3-(4-Methylpiperazin-1-yl)-1H-pyrazol-1-yl)phenyl)methanamine

[00287]  (4-(3-(4-methylpiperazin-1-yl)-1H-pyrazol-1-yl)phenyl)methanamine was
synthesized from 4-(3-(4-methylpiperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile following Step 2 of
Example 4. MS (ESI) m/z 272.1 [M+H]*.

Example 12: Intermediate B-30. (4-(1-Methyl-1H-imidazol-2-yl)phenyl)methanamine

;\:\?\ NN

HO.  OH By N " N
\ >
N82003
NC H,N
CN Step 1 Step 2 2

B-30
Step 1. 4-(1-Methyl-1H-imidazol-2-yl)benzonitrile

[00288] A mixture of 2-bromo-l-methyl-1H-imidazole (12 g, 74.53 mmol), (4-
cyanophenyl)boronic acid (13.15 g, 89.44 mmol), Pd(dppf)Cl>-CH2Cl> (6.09 g, 7.45 mmol),
sodium carbonate (15.8 g, 149.06 mmol), 1,4-dioxane (300 mL) and water (60 mL) was stirred
for 18 h at 80 °C under an atmosphere of nitrogen. After cooling to ambient temperature, the
reaction mixture was poured into EtOAc (200 mL) and was then washed with water (2 x100
mL), dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was purified by silica gel chromatography (eluting with a gradient of 1-5% MeOH/DCM) to
afford 7.8 g (46%) of 4-(1-methyl-1H-imidazol-2-yl)benzonitrile as a light yellow oil. MS (ESI)
m/z 184 [M+H]*.

Step 2. (4-(1-Methyl-1H-imidazol-2-yl)phenyl)methanamine

[00289]  (4-(1-methyl-1H-imidazol-2-yl)phenyl)methanamine was synthesized from 4-(1-
methyl-1H-imidazol-2-yl)benzonitrile according to Step 2 of Example 4. MS (ESI) m/z 188
[M+H]*.
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Intermediate  B-31.  (4-(1-((2-(Trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-yl)phenyl)

methanamine
N
p SEMCI @ Ex. 12 B
B — B N
NH N
Br K,COs B  sEm H,N SEM

Step 2
Step 1 P

B-31
Step 1. 2-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazole

[00290] A mixture of 2-bromo-1H-imidazole (20 g, 136.99 mmol) and potassium carbonate
(56.71 g, 410.97 mmol) in acetone (200 mL) was treated by the dropwise addition of (2-
(chloromethoxy)ethyl)trimethylsilane (27.29 g, 164.39 mmol) and the resulting mixture was
stirred for 3 h at ambient temperature. The reaction mixture was filtered, concentrated under
vacuum and the residue was purified by silica gel chromatography (eluting with a gradient of 1-
10% EtOACc/PE) to afford 30 g (80%) of 2-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazole as a colorless oil. MS (ESI) m/z 277 [M+H]*

Step 2. (4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-yl)phenyl)methanamine

[00291] (4-(1-((2-(Trimethylsilyl)ethoxy)methyl)- 1 H-imidazol-2-yl)phenyl)methanamine was
synthesized from 2-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazole according to
Example 12. MS (ESI) m/z 304 [M+H]*.
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Example 13: Intermediate B-32. Ethyl 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-

carboxylate
0 CO,Et
N ’
NH Eto)kﬂ/\[( N= "
| 2 | / N
NH O O N
o gt O
Br Step 1 Br Br
CO,Et
CO,Et CO,Et H, N7 )
N= CucN N= Raney Ni N
N / —_— N / .
/©/ /©/ NH3/MeOH
Step 2
Br NC Step 3 HoN
B-32

Step 1. Ethyl 1-(4-bromophenyl)-5-methyl-1H-pyrazole-3-carboxylate and ethyl 1-(4-
bromophenyl)-3-methyl-1H-pyrazole-5-carboxylate

[00292] A solution of (4-bromophenyl)hydrazine hydrochloride (10 g, 44.74 mmol) and ethyl
2,4-dioxopentanoate (8.5 g, 53.75 mmol) in EtOH (500 mL) was stirred for 2 h at 80 °C, then
was concentrated under vacuum. The residue was purified by silica gel chromatography (eluting
with 1:10 EtOAc/PE) to afford 8.27 g (61%) of ethyl 1-(4-bromophenyl)-5-methyl-1H-pyrazole-
3-carboxylate and 1.5 g (11%) of ethyl 1-(4-bromophenyl)-3-methyl-1H-pyrazole-5-carboxylate.

[00293] Ethyl 1-(4-bromophenyl)-5-methyl-1H-pyrazole-3-carboxylate (brown oil, R =
0.2 in 50% EtOAc/PE): 'H NMR (400 MHz, CD30D) § 7.83-7.63 (m, 2H), 7.54-7.37 (m, 2H),
6.76 (s, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.36 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). MS (ESI) m/z 309,
311 [M+H]*.

[00294] Ethyl 1-(4-bromophenyl)-3-methyl-1H-pyrazole-5-carboxylate (light yellow solid,
R¢ = 0.35 in 50% EtOAc/PE): '"H NMR (400 MHz, CD30D) & 7.74-7.59 (m, 2H), 7.43-7.26 (m,
2H), 6.89 (s, 1H), 4.24 (q, J = 7.1 Hz, 2H), 2.34 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H). MS (ESI) m/z
309, 311 [M+H]*
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Step 2. Ethyl 1-(4-cyanophenyl)-5-methyl-1H-pyrazole-3-carboxylate

[00295] A mixture of ethyl 1-(4-bromophenyl)-5-methyl-1H-pyrazole-3-carboxylate (8.27 g,
26.75 mmol), copper(l) cyanide (2.7 g, 30.15 mmol) and DMF (20 mL) was stirred for 18 h at
140 °C. After cooling to ambient temperature, the reaction mixture was poured into concentrated
ammonium hydroxide (150 mL) and was then extracted with EtOAc (2 x 500 mL). The organic
layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by silica gel chromatography (eluting with1:5 EtOAc/PE) to
afford 1.5 g (22%) of ethyl 1-(4-cyanophenyl)-5-methyl-1H-pyrazole-3-carboxylate as a white
solid. MS (ESI) m/z 256 [M+H]".

[00296] Step 3. Ethyl 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylate

[00297] Ethyl 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylate was
synthesized from ethyl 1-(4-cyanophenyl)-5-methyl-1H-pyrazole-3-carboxylate according to
Step 3 of Example 8. MS (ESI) m/z 260 [M+H]*

Intermediate B-33. Ethyl 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-carboxylate

~

N
N—/

ﬁ CO,Et
H,N

B-33

[00298] Ethyl 1-(4-bromophenyl)-3-methyl-1H-pyrazole-5-carboxylate (synthesized in Step 1
of Example 13) was converted to ethyl 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-
carboxylate following Steps 2-3 of Example 13. MS (ESI) m/z 260.2 [M+H]".
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Example 14: Intermediate B-34. (4-(1-(2-(Benzyloxy)ethyl)-4-(trifluoromethyl)-1H-

imidazol-2-yl)phenyl)methanamine

FsC Fsc
N)ﬁ
"f \ CF, Br~ \-0Bn \ N Raney Ni
N
@H Cs,CO4 Z " NHyMeOH Z
NC OBn
Step 1 NC Step 2

B-34
Step 1. 4-(1-(2-(Benzyloxy)ethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile

[00299] A mixture of Intermediate B-20 (1 g, 4.22 mmol), ((2-bromoethoxy)methyl)benzene
(1.09 g, 5.07 mmol) and cesium carbonate (2.75 g, 8.44 mmol) in DMF (15 mL) was stirred for
18 h at 110 °C. After cooling to ambient temperature, the reaction mixture was poured into
water (100 mL) and was then extracted with EtOAc (2 X 100 mL). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to
afford 15 g (96%) of 4-(1-(2-(benzyloxy)ethyl)-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzonitrile as a colorless oil. MS (ESI) m/z 371.8 [M+H]*.

Step 2. (4-(1-(2-(Benzyloxy)ethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)
methanamine

[00300] (4-[1-[2-(Benzyloxy)ethyl]-4-(trifluoromethyl)-1H-imidazol-2-
yl]phenyl)methanamine was synthesized from 4-(1-(2-(benzyloxy)ethyl)-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzonitrile according to Step 3 of Example 8. MS (ESI) m/z 376.0 [M+H]*.
Intermediate  B-35. (4-(1-(Oxetan-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)

methanamine

Fs;C

N)ﬁ
\

N

0

H,N
B-35
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[00301] (4-(1-(Oxetan-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine was
synthesized from Intermediate B-20 according to Example 14, substituting 3-iodooxetane for ((2-

bromoethoxy)methyl)benzene. MS (ESI) m/z 297.95 [M+H]*.

Intermediate B-36. fert-Butyl 3-(2-(4-(aminomethyl)phenyl)-4-(trifluoromethyl)-1H-

imidazol-1-yl)azetidine-1-carboxylate

F3C
N)ﬁ
» N
\E’NBoc
H,N
B-36
[00302] tert-Butyl 3-(2-(4-(aminomethyl)phenyl)-4-(trifluoromethyl)-1H-imidazol-1-yl)

azetidine-1-carboxylate was synthesized from Intermediate B-20 according to Example 14,
substituting fert-butyl 3-iodoazetidine-1-carboxylate for ((2-bromoethoxy)methyl)benzene. MS
(ESI) m/z 397.2 [M+H]*.

Intermediate B-37. (4-(4-Chloro-1-methyl-1H-imidazol-2-yl)phenyl)methanamine

rCN Cl
(o) OH HCl (o) NH N._ _NH
NC NH
~ PPh; NaH, CH|
HBTU, DIEA CCly
Br Step 1 Br Step 2 Br Step 3
Cl
Cl Cl ‘/
_N__N _N__N H, —N N
CuCN Raney Ni
NH3/M€OH
Step 4
Step 5
Br CN H,N
B-37
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Step 1. 4-Bromo-N-(cyanomethyl)benzamide

[00303] A solution of 4-bromobenzoic acid (5 g, 24.87 mmol), 2-aminoacetonitrile
hydrochloride (3.47 g, 37.50 mmol), HBTU (14 g, 36.92 mmol) and DIEA (6.42 g, 49.67 mmol)
in DMF (100 mL) was stirred for 16 h at ambient temperature, then was poured into water (300
mL) and was extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by
silica gel chromatography (eluting with a gradient of 0-100% EtOAc/PE) to afford 4 g (67%) of
4-bromo-N-(cyanomethyl)benzamide as a white solid. "H NMR (400 MHz, CD30D) & 7.82-7.72
(m, 2H), 7.75-7.63 (m, 2H), 4.34 (s, 2H).

Step 2. 2-(4-Bromophenyl)-5-chloro-1H-imidazole

[00304] A solution of 4-bromo-N-(cyanomethyl)benzamide (2.5 g, 10.46 mmol),
triphenylphosphine (6.86 g, 26.14 mmol) and carbon tetrachloride (4.02 g, 26.14 mmol) in
acetonitrile (100 mL) was stirred for 16 h at 50 °C. After cooling to ambient temperature, the
reaction mixture was concentrated under vacuum, diluted with saturated aqueous sodium
bicarbonate solution (20 mL) and extracted with EtOAc (2 x 20 mL). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The
residue was purified by silica gel chromatography (eluting with a gradient of 1:100 to 25:75
EtOAC/PE) to afford 800 mg (30%) of 2-(4-bromophenyl)-5-chloro-1H-imidazole as a yellow
solid. MS (ESI) m/z 258.8 [M+H]*.

Step 3. 2-(4-Bromophenyl)-4-chloro-1-methyl-1H-imidazole

[00305] A solution of 2-(4-bromophenyl)-5-chloro-1H-imidazole (800 mg, 3.11 mmol) in
DMF (30 mL) at 0 °C was treated portionwise with sodium hydride (60% dispersion in mineral
oil, 186 mg, 4.66 mmol). The resulting mixture was stirred for 30 min at 0 °C, then was treated
with iodomethane (661 mg, 4.66 mmol) at 0 °C. The resulting solution was stirred for 1 h at
0 °C, then the reaction mixture was poured into water (100 mL) and extracted with EtOAc (2 x
100 mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum to afford 600 mg (71%) of 2-(4-bromophenyl)-4-chloro-1-methyl-
1 H-imidazole as yellow oil. MS (ESI) m/z 272.8 [M+H]".
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Step 4. 4-(4-Chloro-1-methyl-1H-imidazol-2-yl)benzonitrile

[00306] A solution of 2-(4-bromophenyl)-4-chloro-1-methyl-1H-imidazole (600 mg, 2.21
mmol) and copper(I) cyanide (297 mg, 3.32 mmol) in DMF (7 mL) was stirred for 24 h at
130 °C. After cooling to ambient temperature, the reaction mixture was poured into concentrated
ammonium hydroxide (100 mL) and was extracted with EtOAc (2 x 100 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by silica gel chromatography (eluting with a gradient of 1-25%
EtOACc/PE) to afford 250 mg (52%) of 4-(4-chloro-1-methyl-1H-imidazol-2-yl)benzonitrile as a
yellow solid. MS (ESI) m/z 218.0 [M+H]*.

Step 5. (4-(4-Chloro-1-methyl-1H-imidazol-2-yl)phenyl)methanamine

[00307] (4-(4-Chloro-1-methyl-1H-imidazol-2-yl)phenyl)methanamine was synthesized from
4-(4-chloro-1-methyl-1H-imidazol-2-yl)benzonitrile according to Step 3 of Example 8. MS (ESI)
m/z 222.0 [M+H]*.

Example 15: Intermediate B-38. 1-(4-(Aminomethyl)phenyl)-1H-pyrazole-3-carbonitrile

NC NC

CN
) \ ;/ \)
f
HN N TFA
Cu(OAc),, pyr, TEA
(OAC),, py ? stop 2
BocHN Step 1
P BocHN HoN
B-38

Step 1. tert-Butyl (4-(3-cyano-1H-pyrazol-1-yl)benzyl)carbamate

[00308] A mixture of 1H-pyrazole-3-carbonitrile (320 mg, 3.44 mmol), [4-([[(tert-
butoxy)carbonyl]amino]methyl)phenyl]boronic acid (1.03 g, 4.10 mmol), triethylamine (521 mg,
5.15 mmol), pyridine (815 mg, 10.30 mmol) and copper(Il) acetate (840 mg, 4.62 mmol) in
DCM (20 mL) was stirred for 18 h at 40 °C. The reaction mixture was filtered and concentrated
under vacuum, and the residue was purified by silica gel chromatography (eluting with 1:3
EtOAC/PE) to afford 0.4 g (39%) of tert-butyl (4-(3-cyano-1H-pyrazol-1-yl)benzyl)carbamate as
a white solid. MS (ESI) m/z 299 [M+H]".
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Step 2. 1-(4-(Aminomethyl)phenyl)-1H-pyrazole-3-carbonitrile

[00309] A solution of fert-butyl (4-(3-cyano-1H-pyrazol-1-yl)benzyl)carbamate (400 mg, 1.34
mmol) in DCM (15 mL) and TFA (5 mL) was stirred for 0.5 h at ambient temperature, then was
concentrated under vacuum to afford 0.43 g (crude) of 1-(4-(aminomethyl)phenyl)-1H-pyrazole-
3-carbonitrile as a colorless oil. MS (ESI) m/z 199 [M+H]*.

Intermediate B-39. (4-(5-Methyl-1H-pyrazol-1-yl)phenyl)methanamine

7\
HCI I, m\ I\ N
HoN N. Zn(CN), N/j\ N

“NH S N N H;
dppf Pd/C
EtOH Pd,(dba)s AcOH
Step 3
Br Step 1 Br Step 2 CN H2N
B-39

Step 1. 1-(4-Bromophenyl)-5-methyl-1H-pyrazole

[00310] A mixture of (4-bromophenyl)hydrazine hydrochloride (3.36 g, 15.03 mmol) and (E)-
but-2-enal (1.054 g, 15.03 mmol) in EtOH (40 ml) was treated with iodine (3.82 g, 15.03 mmol)
and the resulting mixture was heated to 80 °C for 16 h. The mixture was cooled to ambient
temperature, the solvent was removed, and the residue partitioned between EtOAc and 5%
aqueous sodium thiosulfate (100 mL). The organic layer was separated, dried over sodium
sulfate, filtered and concentrated. The residue was purified by silica gel chromatography
(eluting with a gradient of 0-40% EtOAc/hexanes) to afford 477 mg (13%) of 1-(4-
bromophenyl)-5-methyl-1H-pyrazole. '"H NMR (300 MHz, CDCls) 8 7.76 (d, J = 2.6 Hz, 1 H),
7.52 (s, 4H), 6.24 (d, J = 2.4 Hz, 1H), 2.35 (s, 3H). MS (ESI) m/z 237.02, 239.01 [M+H]*.

Step 2. 4-(5-Methyl-1H-pyrazol-1-yl)benzonitrile

[00311] A mixture of zinc cyanide (260 mg, 2.213 mmol), dppf (112mg, 0.20 mmol),
Pd>(dba); (92 mg, 0.10 mmol), and 1-(4-bromophenyl)-5-methyl-1H-pyrazole (477 mg, 2.012
mmol) in DMF (20 ml) was heated to 140 °C for 16 h. Additional zinc cyanide (300 mg) was
added and the mixture was heated to 140 °C for another 16 h. The mixture was cooled, EtOAc
was added and the organic layer was washed successively with water (2x) and brine. The
mixture was dried over sodium sulfate, filtered, concentrated, and purified by silica gel
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chromatography (eluting with a gradient of 0-60% EtOAc/hexanes) to afford 360 mg (98%) of 4-
(5-methyl-1H-pyrazol-1-yl)benzonitrile. '"H NMR (300 MHz, CDCl3) 6 7.86 (d, J = 2.4 Hz, 1H),
7.83-7.64 (m, 4H), 6.30 (d, J = 2.4 Hz, 1H), 2.36 (s, 3H). MS (ESI) m/z 184.07 [M+H]*.

Step 3. (4-(5-Methyl-1H-pyrazol-1-yl)phenyl)methanamine

[00312] A solution of 4-(5-methyl-1H-pyrazol-1-yl)benzonitrile (360 mg, 1.965 mmol) in
MeOH (30 ml) and acetic acid (3 ml) was degassed with nitrogen for 5 min, then was treated
with palladium on carbon (10 wt. %, 100 mg). The reaction mixture was evacuated and back-
filled with hydrogen three times and charged with hydrogen to 40 psi. The mixture was stirred
for 16 h, then was filtered and dried to afford 360 mg (98%) of (4-(5-methyl-1H-pyrazol-1-
yl)phenyl)methanamine. 'H NMR (300 MHz, DMSO-d) & 8.51 (d, J = 2.4 Hz, 1H), 8.02-7.85
(m, 4H), 6.39 (d, J = 2.4 Hz, 1H), 5.62-5.41 (m, 2H), 2.58-2.41 (m, 2H), 2.24 (s, 3H). MS (ESI)
m/z 188.08 [M+H]*.

Intermediate B-40. (4-(3-(Difluoromethyl)-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine

F

B-40

[00313] (4-(3-(Difluoromethyl)-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine was prepared
according to Example 6. MS (ESI) m/z 233.9 [M+H]".
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Intermediate B-41. (4-(5-Fluoro-1-methyl-1H-imidazol-2-yl)phenyl)methanamine
hydrochloride
OH
NC—< >—B
Br Br P Br
PY Mel, NaH PN OH N\
N7 NH ’ N? N~ Pd(PPh3)4 ;N Br
Br B Br Step 1 Br B Br 12C0s \
Step 2 NC

Br
; ; N
i. n-BulLi N/\g\ Pd/C ,/\>\F

! F HCI N
ii. (PhSO,),NF N\ MeOH N \
NC

Step 3 Step 4 B-41

Step 1. 2,4,5-Tribromo-1-methyl-1H-imidazole

[00314] To a suspension of sodium hydride (0.787 g, 19.69 mmol) in DMF (15 mL) was
added 2, 4, 5-tribromo-1H-imidazole (5 g, 16.41 mmol) in DMF (10 mL) at ambient
temperature. The mixture was stirred at 50 °C for 1 h, cooled to 0 °C, and treated with methyl
iodide (1.128 ml, 18.05 mmol). The mixture was warmed to 50 °C and stirred 16 h, the DMF
was removed under reduced pressure and EtOAc was added. The mixture was washed with
water, dried over sodium sulfate, filtered and concentrated. Purification by silica gel
chromatography (eluting with a gradient of 10-80% EtOAc/hexanes) afforded 4.87 g (94%) of
2,4,5-tribromo-1-methyl-1H-imidazole. '"H NMR (300 MHz, CDCl3) & 3.62 (s, 3H). MS (ESI)
m/z 316.77 [M+H]*.

Step 2. 4-(4,5-Dibromo-1-methyl-1H-imidazol-2-yl)benzonitrile

[00315] To a solution of 2,4,5-tribromo-1-methyl-1H-imidazole (3.94 g, 12.36 mmol), (4-
cyanophenyl)boronic acid (1.816 g, 12.36 mmol) and potassium carbonate (3.42 g, 24.72 mmol)
in dioxane (40 mL) and water (4 mL) was added tetrakis(triphenylphosphine)palladium(0)
(0.714 g, 0.618 mmol). The mixture was degassed with nitrogen for 10 min, then heated to 90
°C for 16 h. After cooling to ambient temperature, EtOAc was added, the mixture washed with
brine, dried over sodium sulfate, filtered and concentrated. Purification by silica gel

chromatography (eluting with a gradient of 5-70% EtOAc/hexanes) afforded 2.5 g (59%) of 4-
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(4,5-dibromo-1-methyl-1H-imidazol-2-yl)benzonitrile. '"H NMR (300 MHz, CDCl3) § 7.74 (m,
4H), 3.75 (s, 3H). MS (ESI) m/z 342.00 [M+H]*.

Step 3. 4-(4-Bromo-5-fluoro-1-methyl-1H-imidazol-2-yl)benzonitrile

[00316] To a solution of 4-(4,5-dibromo-1-methyl-1H-imidazol-2-yl)benzonitrile (380 mg,
1.114 mmol) in THF (10 ml) at -78 °C was added n-butyllithium (0.766 ml, 1.226 mmol). The
mixture was stirred at -78 °C for 1 h, then a solution of N-fluoro-N-(phenylsulfonyl)
benzenesulfonamide (422 mg, 1.337 mmol) in THF (1 mL) was added, and the reaction slowly
warmed to room temperature over 1 h. After 16 h, EtOAc was added, the mixture washed with
brine, dried over sodium sulfate, filtered and concentrated. Purification by silica gel
chromatography (eluting with a gradient of 7-60% EtOAc/hexanes) afforded 210 mg (67%) of 4-
(4-bromo-5-fluoro-1-methyl-1H-imidazol-2-yl)benzonitrile. '"H NMR (300 MHz, CDCls) § 7.72
(m, 4H), 3.69 (s, 3H). MS (ESI) m/z 279.96, 281.95 [M+H] *

Step 4. (4-(5-Fluoro-1-methyl-1H-imidazol-2-yl)phenyl)methanamine hydrochloride

[00317] A solution of 4-(4-bromo-5-fluoro-1-methyl-1H-imidazol-2-yl)benzonitrile (277 mg,
0.989 mmol) in MeOH (30 mL) was treated with 1N aqueous HCI (10 mL, 10.00 mmol),
degassed with nitrogen for 5 min, and palladium on carbon (10 wt. %, 100 mg, 0.940 mmol) was
added. The mixture was evacuated and backfilled with hydrogen (3x), and shaken under 40 psi
hydrogen for 16 h. The reaction mixture was filtered, dried over sodium sulfate, filtered and
concentrated to afford 239 mg (100%) of (4-(5-fluoro-1-methyl-1H-imidazol-2-
yl)phenyl)methanamine hydrochloride. 'H NMR (300 MHz, DMSO-d¢) & 7.94-7.61 (m, 4H),
7.46 (m, 1H), 4.22-4.03 (m, 2H), 3.65 (s, 3H).
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Intermediate B-42, (4-(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanamine
and Intermediate  B-43,  (4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)

methanamine

N M F3C N N’
Raney Ni
NaOAc, HOAc
Step 2
CN Step 1
B-42 B-43

Step 1. 4-(5-Methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile and 4-(3-methyl-5-
(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile

[00318] A mixture of 4-hydrazinylbenzonitrile (2 g, 15.02 mmol), 1,1,1-trifluoropentane-2,4-
dione (3.1 g, 20.12 mmol), sodium acetate (2.5 g, 30.48 mmol) and acetic acid (10 mL) was
stirred for 1 h at 120 °C. After cooling to ambient temperature, the reaction mixture was
concentrated under vacuum and purified by silica gel chromatography (eluting with a gradient of
10-30% EtOACc/PE) to afford 2 g (53%) of a ~2:1 mixture of 4-(5-methyl-3-(trifluoromethyl)-
1H-pyrazol-1-yl)benzonitrile and 4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile
as a yellow solid. MS (ESI) m/z 252.0 [M+H]*

Step 2. (4-(5-Methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanamine and (4-(3-
methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanamine

[00319] A ~2:1 mixture of (4-(5-methyl-3-(trifluoromethyl)- 1 H-pyrazol-1-
yl)phenyl)methanamine and (4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-
yl)phenyl)methanamine was synthesized from a ~2:1 mixture of 4-(5-methyl-3-(trifluoromethyl)-
1H-pyrazol-1-yl)benzonitrile and 4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile
according to Step 2 of Example 4. MS (ESI) m/z 256.0 [M+H]*.
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Example 16: Intermediate B-44. tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-

yl)piperazine-1-carboxylate

/ NHZ
z NO, /
NO
. W 2 N(—?{l/ N—N CI\/\N/\/CI
HN—N Fe, NH4C| H HCI
—_— >
NC Step 1 NC NC Step 3

I ONH I “NBoc NBoc
WN\/’ WN\/' H, WNO

NN Boc,0, TEA_ N-N Raney Ni N-N
: Step 4 Q Step 5
NC NC H,N

B-44
Step 1. 4-(3-Nitro-1H-pyrazol-1-yl)benzonitrile

[00320] 4-(3-nitro-1H-pyrazol-1-yl)benzonitrile was synthesized from 3-nitro-1H-pyrazole
according to Step 1 of Example 6. MS (ESI) m/z 215 [M+H]*.

Step 2. 4-(3-Amino-1H-pyrazol-1-yl)benzonitrile

[00321] 4-(3-amino-1H-pyrazol-1-yl)benzonitrile was synthesized from 4-(3-nitro-1H-
pyrazol-1-yl)benzonitrile according to Step 2 of Example 18. MS (ESI) m/z 185 [M+H]*.

Step 3. 4-(3-(Piperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile

[00322] A mixture of 4-(3-amino-1H-pyrazol-1-yl)benzonitrile (3 g, 16.29 mmol), bis(2-
chloroethyl)amine (5.7 g, 40.13 mmol), cesium carbonate (16 g, 49.11 mmol) and potassium
iodide (13.3 g) in acetonitrile (100 mL) was stirred for 6 days at 80 °C. After cooling to ambient
temperature, the resulting mixture was filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 10:1 DCM/MeOH) to afford 3 g (73%) of 4-
(3-(piperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile as a yellow solid. MS (ESI) m/z 254 [M+H]".
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Step 4. tert-Butyl 4-(1-(4-cyanophenyl)-1H-pyrazol-3-yl)piperazine-1-carboxylate

[00323] tert-Butyl  4-(1-(4-cyanophenyl)-1H-pyrazol-3-yl)piperazine-1-carboxylate ~ was
synthesized from 4-(3-(piperazin-1-yl)-1H-pyrazol-1-yl)benzonitrile according to Step 1 of
Example 11. MS (ESI) m/z 354 [M+H]*.

Step 5. tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperazine-1-carboxylate

[00324] tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperazine-1-carboxylate
was synthesized from tert-butyl 4-(1-(4-cyanophenyl)-1H-pyrazol-3-yl)piperazine-1-carboxylate
according to Example 10. MS (ESI) m/z 358 [M+H]*.

Example 17: Intermediate B-45. (4-(3-Methoxy-1H-pyrazol-1-yl)phenyl)methanamine

o o

\
“2N\::| j\/\ 4_/2: [(NH 4/_,/{«\ </_,\<o

cl cl N FeCly6H,0 N N . N
morpholine K,CO4
Br Step 1 Ste
p 2
Step 3 Br Br

Br
\ \ \
0 0 °
14 { 14 {
N’N Zn(CN), N’N Raney Ni
tBuXPhos Pd G3
t-BuXPhos Step 5
Br Step 4 CN
B-45

Step 1. 1-(4-Bromophenyl)pyrazolidin-3-one

[00325] A mixture of (4-bromophenyl)hydrazine hydrochloride (5 g, 22.37 mmol) and
morpholine (9.57 g, 109.85 mmol) in DCM (100 mL) at 0 °C was treated by dropwise addition
of 3-chloropropanoyl chloride (2.85 g, 22.45 mmol). The resulting solution was stirred 16 h at
ambient temperature, then was washed with water (3 x 20 mL), dried over anhydrous sodium

sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
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chromatography (eluting with 50% EtOAc/PE) to afford 2 g (B35%) of 1-(4-
bromophenyl)pyrazolidin-3-one as a yellow oil. MS (ESI) m/z 241.0, 243.0 [M+H]*.

Step 2. 1-(4-Bromophenyl)-1,2-dihydro-3H-pyrazol-3-one

[00326] A mixture of 1-(4-bromophenyl)pyrazolidin-3-one (2 g, 8.30 mmol) and iron(III)
chloride hexahydrate (2.24 g, 8.30 mmol) in DMF (25 mL) was stirred for 16 h at 80 °C. After
cooling to ambient temperature, the reaction mixture was poured into EtOAc (100 mL), washed
with water (2 x 25 mL) and then concentrated under vacuum. The residue was purified by silica
gel chromatography (eluting with 25% EtOAc/PE) to afford 1.9 g (91%) of 1-(4-bromophenyl)-
1,2-dihydro-3H-pyrazol-3-one as a yellow solid. MS (ESI) m/z 239.0, 241.0 [M+H]".

Step 3. 1-(4-Bromophenyl)-2-methyl-1,2-dihydro-3H-pyrazol-3-one and 1-(4-bromophenyl)-
3-methoxy-1H-pyrazole

[00327] A mixture of 1-(4-bromophenyl)-1,2-dihydro-3H-pyrazol-3-one (1.8 g, 7.53 mmol)
and potassium carbonate (5.20 g, 37.63 mmol) in water (48 mL) and Tween 20 (2 mL) was
treated by the dropwise addition of iodomethane (5.35 g, 37.69 mmol) with stirring at ambient
temperature. The resulting mixture was stirred 16 h, then was extracted with EtOAc (5 x 50 mL).
The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
a gradient of 0-100% EtOACc/PE) to afford 900 mg (45%) of 1-(4-bromophenyl)-3-methoxy-1H-
pyrazole as an off-white solid and 800 mg (40%) of 1-(4-bromophenyl)-2-methyl-1,2-dihydro-

3H-pyrazol-3-one as a yellow oil.

[00328] 1-(4-Bromophenyl)-2-methyl-1,2-dihydro-3H-pyrazol-3-one (Ry = 0.1 in 75%
EtOAc/PE): '"H NMR (400 MHz, CD30D) & 7.84 (d, J = 4.0 Hz, 1H), 7.73-7.71 (m, 2H), 7.34-
7.31 (m, 2H), 5.64 (d, J = 4.0 Hz, 1H), 3.32 (s, 3H). *C NMR (400 MHz, CD30D) & 167.8,
141.7,135.9, 132.9, 125.6, 121.7, 96.2, 29.3. MS (ESI) m/z 253.0, 255.0 [M+H]".

[00329] 1-(4-Bromophenyl)-3-methoxy-1H-pyrazole (R = 0.8 in 75% EtOAc /PE): 'H
NMR (400 MHz, CD30D) 6 8.01 (d, J = 4.0 Hz, 1H), 7.58-7.56 (m, 4H), 5.95 (d, J = 4.0 Hz,
1H), 3.94 (s, 3H). 13C NMR (400 MHz, CD;0D) $ 166.5, 139.3, 131.9, 128.5, 118.9, 117.7,
93.4,56.5. MS (ESI) m/z 253.0, 255.0 [M+H]*.
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Step 4. 4-(3-Methoxy-1H-pyrazol-1-yl)benzonitrile

[00330] Under an atmosphere of nitrogen, a mixture of 1-(4-bromophenyl)-3-methoxy-1H-
pyrazole (900 mg, 3.56 mmol), zinc cyanide (416 mg, 3.54 mmol), fBuXPhos (76 mg, 0.18
mmol) and /BuXPhos Pd G3 (141 mg, 0.18 mmol) in THF (4 mL) and water (20 mL) was stirred
vigorously for 18 h at 40 °C. The reaction mixture was poured into saturated potassium
carbonate solution (10 mL) and was then extracted with EtOAc (3 x 50 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by silica gel chromatography (eluting with 6% EtOAc/PE) to afford
500 mg (67%) of 4-(3-methoxy-1H-pyrazol-1-yl)benzonitrile as an off-white solid. MS (ESI)
m/z 200.1 [M+H]*.

Step 5. (4-(3-Methoxy-1H-pyrazol-1-yl)phenyl)methanamine

[00331] (4-(3-Methoxy-1H-pyrazol-1-yl)phenyl)methanamine was prepared from 4-(3-
methoxy-1H-pyrazol-1-yl)benzonitrile according to Step 2 of Example 4. MS (ESI) m/z 203.7
[M+H]".

Intermediate B-46. 1-(4-(aminomethyl)phenyl)-1H-pyrazole-3,5-dicarbonitrile

NC NC

NHBoc -N
Cu(OACc),, py
Step 2
B(OH)2 NaHMDS
Step 1
P BocHN H2N
B-46

Step 1. tert-Butyl (4-(3,5-dicyano-1H-pyrazol-1-yl)benzyl)carbamate

[00332] A mixture of 1H-pyrazole-3,5-dicarbonitrile (1.00 g, 8.47 mmol), (4-(((tert-
butoxycarbonyl)amino)methyl)phenyl)boronic acid (4.25 g, 16.93 mmol), copper(Il) acetate
(1.54 g, 8.47 mmol), sodium bis(trimethylsilyl)amide (10.2 mL of a 1M solution in THF, 10.20
mL, 10.20 mmol), pyridine (Py, 3.35 g, 42.34 mmol) and 4A molecular sieves (1 g) in toluene
(100 mL) was stirred overnight at 120 °C. After cooling to ambient temperature, the reaction
mixture was filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with a gradient of 1-25% EtOACc/PE) to afford 300 mg (11%) of tert-
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butyl (4-(3,5-dicyano-1H-pyrazol-1-yl)benzyl)carbamate as a colorless oil. MS (ESI) m/z 324.0
[M+H]*.

Step 2. 1-(4-(Aminomethyl)phenyl)-1H-pyrazole-3,5-dicarbonitrile

[00333] A solution of tert-butyl (4-(3,5-dicyano-1H-pyrazol-1-yl)benzyl)carbamate (300 mg,
0.93 mmol) in DCM (10 mL) and TFA (3 mL) was stirred for 1 h at ambient temperature. The
reaction mixture was concentrated under vacuum, dispersed in water (20 mL), neutralized with
saturated sodium bicarbonate solution, and the resulting mixture extracted with DCM (2 x 20
mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum to afford 100 mg (48%) of 1-(4-(aminomethyl)phenyl)-1H-pyrazole-
3,5-dicarbonitrile as a yellow solid. MS (ESI) m/z 223.7 [M+H]*.

Intermediate B-47. (4-(4-Methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)phenyl)methanamine

U S a A C T W >
r\f\ N Raney Ni N
/L” Cs,C0; b Pd(dppf)Cly:CH,Cl,

o

Step 1 Nach3
Step 2

[

Br fo} Step 3

NC H,N

o

B-47
Step 1. 2-Bromo-4-methyl-1-(oxetan-3-yl)-1H-imidazole

[00334] 2-Bromo-4-methyl-1-(oxetan-3-yl)-1H-imidazole was prepared from 2-bromo-4-
methyl-1H-imidazole following Step 1 of Example 14. MS (ESI) m/z 216.9, 218.9 [M+H]*.

Step 2. 4-(4-Methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)benzonitrile

[00335] 4-(4-Methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)benzonitrile was prepared from 2-
bromo-4-methyl-1-(oxetan-3-yl)-1H-imidazole following Step 1 of Example 12. MS (ESI) m/z
239.7 [M+H]".

Step 3. (4-(4-Methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)phenyl)methanamine

[00336] (4-(4-Methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)phenyl)methanamine was prepared
from 4-(4-methyl-1-(oxetan-3-yl)-1H-imidazol-2-yl)benzonitrile following Step 3 of Example 8.
MS (ESI) m/z 244.1 [M+H]*.
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Intermediate B-48. 1-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)

cyclopropan-1-amine

CF, CF,
"f@ EtMgBr "f§
NG N
\ Ti(Oi-Pr), H,N \
N7
B-21 B-48

[00337] To a solution of Intermediate B-21 (500 mg, 1.99 mmol) and titanium(IV)
isopropoxide (0.642 ml, 2.19 mmol) in diethyl ether (10 ml) was added ethyl magnesium
bromide (1.460 ml, 4.38 mmol) at -70 °C. The mixture was diluted with THF (3 ml) and was
stirred at -70°C for 10 min, then slowly warmed up to ambient temperature over 1 h. The
mixture was then treated with boron trifluoride etherate (0.504 ml, 3.98 mmol) and was stirred
for 2 h. The reaction was quenched by addition of 1N HCI (6 mL), diethyl ether (30 mL) was
added and the mixture was basified with 10% NaOH (20 mL) to achieve a pH 11-12. The
mixture was extracted twice with diethyl ether and the combined organic extracts were dried
over sodium sulfate, filtered and concentrated to a residue which was purified by silica gel
chromatography to  afford  1-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)
cyclopropan-1-amine (62 mg, 11%). '"H NMR (300MHz, CDCls) &: 7.58 (d, J = 9.0 Hz, 2H),
7.38 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 0.9 Hz, 1H), 3.76 (s, 3H), 1.19 - 1.12 (m, 2H), 1.07 - 1.00
(m, 2H). MS (ESI) m/z 282.15 [M+H]*.
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Example 18: Intermediate B-49. 2-Chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one

cl CF;
N N@
CF, ozNA%: \>—CI ' N\
"f@ —\ NO, ' \ Fe, NH,CI
l\{ DIEA M Step 2
H2N Step 1 N\fN
B-23 Cl
CF;
CF;
N N\ b
: ; o) N\
N
NH, H\/@)\ { CDI HN//<
ot N
| Step 3 I A
NN N._N
Cl \Crl
B-49
te . -Chloro-N-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2- enzyl)-5-
Step 1 2-Chl N-4-(1 hyl-4-(trifl hyl)-1H-imidazol-2-yl)benzyl)-5

nitropyrimidin-4-amine

[00338] A mixture of 2,4-dichloro-5-nitropyrimidine (730 mg, 3.76 mmol) and DIEA (1.22 g,
9.40 mmol) in THF (20 mL) was treated with dropwise addition of a solution of Intermediate B-
23 (800 mg, 3.13 mmol) in THF (10 mL) at -78 °C. The solution was stirred for 2 h at -78 °C
and allowed to warm to ambient temperature gradually over 1 h before being concentrated under
vacuum. The residue was purified by silica gel chromatography (eluting with 0-50% EtOAc/PE)
to afford 1.1 g (85%) of 2-chloro-N-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
S-nitropyrimidin-4-amine as a yellow oil. MS (ESI) m/z 413.1 [M+H]*.

Step 2. 2-Chloro-N*-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)pyrimidine-
4,5-diamine

[00339] A mixture of 2-chloro-N-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-
S-nitropyrimidin-4-amine (1.100 g, 2.67 mmol), iron powder (744 mg, 13.32 mmol) and
ammonium chloride (285 mg, 5.33 mmol) in 3:3:1 THF/EtOH/water (21 mL) was stirred for 1 h

at 80 °C. After cooling to ambient temperature, the reaction mixture was filtered and
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concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
a gradient of 0-100% EtOAc/PE) to afford 0.9 g (88%) of 2-chloro-N*-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)pyrimidine-4,5-diamine as a yellow solid. MS (ESI)
m/z 383.1 [M+H]*.

Step 3. 2-Chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-

8H-purin-8-one

[00340] A mixture of  2-chloro-N*-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDbenzyl)pyrimidine-4,5-diamine (900 mg, 2.35 mmol) and CDI (1.525 g, 9.40 mmol) in DCM
(20 mL) was stirred for 2 h at 40 °C. The reaction mixture was concentrated under vacuum and
dissolved in EtOAc (100 mL). The resulting solution was washed with water (3 x 100 mL), dried
over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with a gradient of 0-100% EtOAc/PE) to afford
0.7 g (73%) of 2-chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8 H-purin-8-one as a yellow solid. MS (ESI) m/z 408.9 [M+H]*.

Intermediate B-50: 2-(Dimethylamino)ethyl methanesulfonate

/ /
/N\/\ MsCl /N\/\
OH TEA OMs
B-135

[00341] A mixture of 2-(dimethylamino)ethan-1-ol (890 mg, 9.98 mmol), triethyl amine (3.03
g, 29.94 mmol) and DCM (50 mL) was treated with methanesulfonyl chloride (1.725 g, 17.25
mmol) at 0 °C and the resulting solution was stirred for 1 h at 0 °C. The reaction mixture was
poured into water (50 mL) and extracted with EtOAc (20 mL x 3). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to
afford 500 mg (crude) of 2-(dimethylamino)ethyl methanesulfonate as a light yellow solid. MS
(ESI) m/z 168 [M+H]*.
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Example 19. Intermediate B-51: 5-(aminomethyl)-2-methylisoindolin-1-one

NH o N
O NaH, Mel (0] H,, Raney Ni 0
DMF NH3, MeOH
NC HoN
Step 1 NC Step 2 2
B-51

Step 1. 2-Methyl-1-oxoisoindoline-5-carbonitrile

[00342] A mixture of 1-oxoisoindoline-5-carbonitrile (500 mg, 3.16 mmol) and DMF (10 mL)
was treated with sodium hydride (60% dispersion in mineral oil, 190 mg, 4.75 mmol) at O °C and
the resulting mixture was stirred for 0.5 h at room temperature. Iodomethane (539 mg, 3.80
mmol) was added and the resulting solution was stirred for 1 h at 0 °C. The reaction mixture was
poured into ice/water (50 mL) and then extracted with EtOAc (3 x 100 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to
afford 150 mg (28%) of 2-methyl-1-oxoisoindoline-5-carbonitrile as a yellow solid. MS (ESI)
m/z 173.1 [M+H]*.

Step 2. 5-(Aminomethyl)-2-methylisoindolin-1-one

[00343] 5-(Aminomethyl)-2-methylisoindolin-1-one was obtained as a white solid from 2-
Methyl-1-oxoisoindoline-5-carbonitrile following Step 3 of Example 8. MS (ESI) m/z 176.8
[M+H]".

Intermediate B-52. (4-(3-Fluoro-1H-pyrazol-1-yl)phenyl)methanamine

[00344] (4-(3-Fluoro-1H-pyrazol-1-yl)phenyl)methanamine was prepared according to
Example 6. MS (ESI) m/z 191.8 [M+H]*.
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Intermediate B-53. (4-(2-Methyl-1H-pyrrol-1-yl)phenyl)methanamine

H,N : -
N
—
B-53

[00345] (4-(2-Methyl-1H-pyrrol-1-yl)phenyl)methanamine was prepared according to
conditions outlined in Example 6. MS (ESI) m/z 182.9 [M+H]*.

Intermediate B-54: (3-fluoro-4-(1H-pyrazol-1-yl)phenyl)methanamine
N
N/
HZN\/@F
B-54

[00346] (3-Fluoro-4-(1H-pyrazol-1-yl)phenyl)methanamine = was prepared from 3.4-

difluorobenzonitrile following Example 6.

Intermediate B-55. 2-(2-(Difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
F
F
0]
B
o
B-55

[00347] 2-(2-(Difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was obtained

N -

as a colorless oil from 1-bromo-2-(difluoromethyl)benzene following Step 4 of Example 1. GC-

MS (EI) m/z 254.1 [M]*.

Intermediate B-56. 1-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one

o)

o\

B-56
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[00348] 1-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one was obtained
as a brown solid from 1-(2-bromophenyl)ethan-1-one following Step 4 of Example 1. MS (ESI)
m/z 246.8 [M+H]*.

Intermediate B-57. 2-(4-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

o\
B F
o
B-57

[00349] 2-(4-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was
synthesized as a yellow oil from 2-bromo-4-fluorophenol following Example 1. 'H NMR (300
MHz, DMSO-d¢) & 7.42-7.37 (m, 2H), 7.25-7.14 (m, 1H), 3.18-3.06 (m, 1H), 1.29 (d, J = 6.80
Hz, 6H), 1.18-1.06 (m, 12H).

Intermediate B-58. 2-(5-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

Yo

F
B-58

[00350] 2-(5-Fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was
synthesized from 2-bromo-5-fluorophenol following Example 1. MS (ESI) m/z 265 [M+H]".
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Intermediate B-59. 5-fluoro-2-isopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDpyridine
NH, /lL NH, H>
BF,K Pd(OH),/C
p | Br 3 _ | (OH)2
~UN Pd(dppf)ClyCH,Cl, <N MeOH
F
K>CO3 Step 2
Step 1

) GedE A

t-BUONO, (PhCO,), |
~_N

F

Step 3 F
B-59

Step 1. 5-Fluoro-2-(prop-1-en-2-yl)pyridin-3-amine

[00351] In a 100 mL flask purged and maintained with an inert atmosphere of nitrogen, a
mixture  of  2-bromo-5-fluoropyridin-3-amine (1 g, 5.24 mmol), potassium
isopropenyltrifluoroborate (852 mg, 5.76 mmol), Pd(dppf)CloCH2Cl> (427 mg, 0.52 mmol),
potassium carbonate (1.445 g, 10.46 mmol), 1,4-dioxane (40 mL) and water (5 mL) was stirred
for 6 h at 105 °C. After cooling to ambient temperature, the reaction mixture was diluted with
water (50 mL) and was extracted with EtOAc (3 x 50 mL). The organic layers were combined,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 1/100 to 1/3 EtOAc/PE) to afford 700 mg
(88%) of 5-fluoro-2-(prop-1-en-2-yl)pyridin-3-amine as an off-white solid. MS (ESI) m/z 152.9
[M+H]*.

Step 2. 5-Fluoro-2-isopropylpyridin-3-amine

[00352] A mixture of 5-fluoro-2-(prop-1-en-2-yl)pyridin-3-amine (700 mg, 4.60 mmol),
MeOH (20 mL) and palladium hydroxide on carbon (=75% Pd, 500 mg) was placed under an
atmosphere of hydrogen and stirred for 2 h at ambient temperature. The reaction mixture was
filtered and concentrated under vacuum to afford 500 mg (70%) of 5-fluoro-2-(propan-2-
yl)pyridin-3-amine as a light yellow solid. MS (ESI) m/z 155.2 [M+H]*.
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Step 3. 5-Fluoro-2-isopropyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine

[00353] A mixture of 5-fluoro-2-(propan-2-yl)pyridin-3-amine (500 mg, 3.24 mmol),
acetonitrile 3 mL), 4,4,5,5-tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-
dioxaborolane (907 mg, 3.57 mmol) and benzoyl peroxide (78 mg, 0.30 mmol) was treated with
tert-butyl nitrite (501 mg, 4.86 mmol) with stirring at ambient temperature. The resulting
solution was stirred for 16 h, then was concentrated under vacuum. The residue was purified by
silica gel chromatography (eluting with 1/100 to 1/10 EtOAc/PE) to afford 140 mg (16%) of 5-
fluoro-2-(propan-2-yl)-3-(tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine as a red solid. MS (ESI)
m/z 266.1 [M+H]*.

Example 20: Intermediate B-60. 3-Isopropyl-4-(tributylstannyl)pyridine

OH Br Sn(n-Bu);
§ PBrs, POBr3 N n-BuLi, n-BusSnCI N
B 120 °C | - THF, -78 °C |

N Step 1 Step 2 N

B-60
Step 1. 4-Bromo-3-isopropylpyridine

[00354] A mixture of 3-(propan-2-yl)pyridin-4-ol (synthesized from 3-bromopyridin-4-ol
following Steps 1-2 of Example 1) (I g, 7.29 mmol), phosphorous tribromide (2.13 g, 7.87
mmol) and phosphoryl bromide (2.14 g, 7.46 mmol) was stirred for 3 h at 120 °C. After cooling
to room temperature, the reaction mixture was poured into ice/water (20 mL) and the pH value
was adjusted to 8 with 2N NaOH. The resulting solution was extracted with DCM (2 x 100 mL)
and the organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
1799 to 25/75 EtOAc/PE) to afford 500 mg (34%) of 4-bromo-3-(propan-2-yl)pyridine as a
yellow oil. MS (ESI) m/z 199.9, 201.9 [M+H]".

Step 2. 3-Isopropyl-4-(tributylstannyl)pyridine

[00355] In a flask purged and maintained with an inert atmosphere of nitrogen, a solution of
4-bromo-3-(propan-2-yl)pyridine (600 mg, 3.00 mmol) in THF (8 mL) at -78 °C was treated
dropwise with n-butyllithium (2.5 M in hexane, 1.2 mL, 3.00 mmol) and the resulting solution
was stirred for 0.5 h at -78 °C. Tributylchlorostannane (1.04 g, 3.18 mmol) was added and the
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resulting mixture was stirred for 2 h at -78 °C. The reaction was quenched by the addition of
saturated ammonium chloride solution (10 mL), and the resulting solution was extracted with
EtOAc (2 x 10 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by silica gel chromatography
(eluting with 1/99 to 25/75 EtOAc/PE) to afford 180 mg (15%) of 3-isopropyl-4-
(tributylstannyl)pyridine as colorless oil. "H NMR (300 MHz, CDCl3) & 8.49 (s, 1H), 8.31 (d, J =
4.80 Hz, 1H), 7.27 (d, J = 5.40 Hz, 1H), 2.71-2.66 (m, 1H), 1.65-1.49 (m, 6H), 1.41-1.22 (m,
18H), 0.99-0.84 (m, 9H).
Intermediate B-61. 3-Isopropyl-2-(tributylstannyl)pyridine

Sn(n-Bu);

| =N
=

B-61

[00356] 3-Isopropylpyridin-2-ol (prepared from 3-bromopyridin-2-ol following Steps 1 and 2
of Example 1) was used to prepare 3-isopropyl-2-(tributylstannyl)pyridine as a colorless oil
following Example 20. 'H NMR (300 MHz, CDCls) & 8.58 (br s, 1H), 7.46-7.44 (m, 1H), 7.15-
7.07 (m, 1H), 2.88-2.85 (m, 1H), 1.65-1.17 (m, 24H), 0.91-0.75 (m, 9H).

Intermediate B-62. 9-(4-Bromobenzyl)-2-chloro-7,9-dihydro-8 H-purin-8-one
Br
Cl__N_ _N
~
T
X N
H
B-62

[00357] 9-(4-Bromobenzyl)-2-chloro-7,9-dihydro-8 H-purin-8-one was synthesized from (4-
bromophenyl)methanamine according to Example 18. MS (ESI) m/z 341 [M+H]*.
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Intermediate B-63. (4-(5-Methyl-1H-1,2,3-triazol-1-yl)phenyl)methanamine

) N, )
NH, N3 0 N\N N
t-BUONO, TMSN; PhaPs L H,, Raney Ni
TFA, MeCN, 0 °C toluene, 100 °C MeOH
CN CN
Step 1 Step 2 Step 3
P P CN P H,N
B-63

Step 1. 4-Azidobenzonitrile

[00358] A mixture of 4-aminobenzonitrile (5 g, 42.32 mmol) in TFA (3.25 mL) and
acetonitrile (100 mL) was treated with dropwise addition of tert-butyl nitrite (7.55 g, 73.22
mmol) and azidotrimethylsilane (6.75 mL) with stirring at O °C. The resulting solution was
stirred for 1 h at 0 °C then was poured into water (50 mL) and was extracted with EtOAc (3 x
100 mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
1/3 EtOACc/PE) to afford 3.8 g (62%) of 4-azidobenzonitrile as a yellow solid. MS (ESI) m/z
145.1 [M+H]*.

Step 2. 4-(5-Methyl-1H-1,2,3-triazol-1-yl)benzonitrile

[00359] In a 100 mL round-bottom flask purged and maintained with an inert atmosphere, a
mixture of 4-azidobenzonitrile (2 g, 13.88 mmol), 1-(triphenyl-A>-phosphaneylidene)propan-2-
one (4.4 g, 13.82 mmol) and toluene (25 mL) was stirred for 18 h at 100 °C. After cooling to
ambient temperature, the reaction mixture was concentrated under vacuum and the resulting
residue was purified by silica gel chromatography (eluting with 1:1 EtOAc/PE) to afford 2.1 g
(82%) of 4-(5-methyl-1H-1,2,3-triazol-1-yl)benzonitrile as a light yellow solid. MS (ESI) m/z
185.1 [M+H]*.

Step 3. (4-(5-Methyl-1H-1,2,3-triazol-1-yl)phenyl)methanamine

[00360] (4-(5-Methyl-1H-1,2,3-triazol-1-yl)phenyl)methanamine was obtained from 4-(5-
methyl-1H-1,2,3-triazol-1-yl)benzonitrile as a light yellow solid following Example 10. MS
(ESI) m/z 189.0 [M+H]*.

Intermediate B-64. 6-(aminomethyl)-2-methyl-3,4-dihydroisoquinolin-1(2H)-one
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H,N
B-64

[00361] 6-(Aminomethyl)-2-methyl-3,4-dihydroisoquinolin-1(2H)-one was prepared
according to Example 19. MS (ESI) m/z 191.0 [M+H]*.

Intermediate B-65. 1-(4-(Aminomethyl)phenyl)-1H-pyrazole-3-carbonitrile
N N CN
()T
—

[00362] 1-(4-(Aminomethyl)phenyl)-1H-pyrazole-3-carbonitrile was prepared as a colorless
oil from 1H-pyrazole-3-carbonitrile according to Example 15. MS (ESI) m/z 199.0 [M+H]".

Intermediate B-66. (4-(2,5-Dimethyloxazol-4-yl)phenyl)methanamine

Br2 HOAc AcNH2
Step 1 Step 2

Yo v

tBuXPhos Pd G3 N ' N~
tBuXPhos, Zn(CN), Hz, Raney Ni

THF/water, 40 °C 7 M NH; in MeOH

Step 3 Step 4

Step 1. 2-Bromo-1-(4-bromophenyl)propan-1-one

[00363] A mixture of 1-(4-bromophenyl)propan-1-one (10 g, 46.93 mmol) and acetic acid (20
mL) was treated with dropwise addition of bromine (8.2 g, 51.31 mmol) and the resulting
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solution was stirred for 2 h at 25 °C. The reaction mixture was poured into water (100 mL) and
was extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by
silica gel chromatography (eluting with 1/10 EtOAc/PE) to afford 5.0 g (36%) of 2-bromo-1-(4-
bromophenyl)propan-1-one as a yellow solid (Rf = 0.4 in 25% EtOAc/PE). 'H NMR (400 MHz,
CDCl) 6 7.96-7.77 (m, 2H), 7.72-7.54 (m, 2H), 5.21 (q, J/ = 6.60 Hz, 1H), 1.89 (d, J = 6.60 Hz,
3H).

Step 2. 4-(4-Bromophenyl)-2,5-dimethyloxazole

[00364] A mixture of 2-bromo-1-(4-bromophenyl)propan-1-one (4.0 g, 13.70 mmol) and
acetamide (814 mg, 13.78 mmol) was stirred for 1 h at 135 °C. After cooling to room
temperature, the reaction mixture was poured into saturated sodium bicarbonate solution (100
mL) and was then extracted with EtOAc (2 x 150 mL). The organic layers were combined, dried
over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 1/10 EtOAc/PE) to afford 2.3 g (67%) of 4-
(4-bromophenyl)-2,5-dimethyloxazole as a light yellow solid. MS (ESI) m/z 251.6, 253.6
[M+H]*.

Step 3. 4-(2,5-Dimethyloxazol-4-yl)benzonitrile

[00365] 4-(2,5-Dimethyloxazol-4-yl)benzonitrile was prepared from 4-(4-bromophenyl)-2,5-
dimethyloxazole following Step 4 of Example 17. MS (ESI) m/z 199.0 [M+H]*

Step 4. (4-(2,5-Dimethyloxazol-4-yl)phenyl)methanamine

[00366] (4-(2,5-Dimethyloxazol-4-yl)phenyl)methanamine was obtained from 4-(2,5-
dimethyloxazol-4-yl)benzonitrile as a colorless oil following Step 3 of Example 8. MS (ESI) m/z
203.2 [M+H]J*

Intermediate B-67, 1-(4-(Aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carbonitrile and
Intermediate B-68, 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-carbonitrile

H,N N~ CN HoN N
—( >—N>j _< >*N
_— —
NC
B-67 B-68
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[00367] A mixture (~1:1) of 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carbonitrile
and 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-carbonitrile was prepared from 5-
methyl-1H-pyrazole-3-carbonitrile following Example 15. MS (ESI) m/z 212.9 [M+H]*.

Intermediate B-69: (4-(1-Methyl-1H-pyrazol-3-yl)phenyl)methanamine

B-69

[00368] tert-Butyl (4-(1-methyl-1H-pyrazol-3-yl)benzyl)carbamate (formed from reaction of
3-bromo-1-methyl-1H-pyrazole and (4-(((tert-butoxycarbonyl)amino)methyl)phenyl)boronic
acid following Step 1 of Example 7) was used in the preparation of the title compound following

Step 2 of Example 15. MS (ESI) m/z 188.1 [M+H]*.

Intermediate B-70. 9-(4-(1H-Pyrazol-1-yl)benzyl)-2-chloro-7-methyl-7,9-dihydro-8 H-purin-

8-one

B-70

[00369] 9-(4-(1H-pyrazol-1-yl)benzyl)-2-chloro-7,9-dihydro-8H-purin-8-one (prepared from
Intermediate B-17 following Example 18) was used in the preparation of 9-(4-(1H-pyrazol-1-
yl)benzyl)-2-chloro-7-methyl-7,9-dihydro-8H-purin-8-one following Example 33. MS (ESI) m/z
341[M+H]*.

Example 21: Intermediate B-71. 4-Chloro-2-(2-isopropylphenyl)-5-nitropyrimidine
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NO,

NO, NO, B(OH), OMe
Cl OMe | N
| X MeONa | X Pd(dppf)Cly-CH,CI, N. _N
N\fN N\fN K,CO4
Cl Step 1 Cl
Step 2
NO, NO,
NOH NCI
HBr. HOAc NN POCl,  N__N
B-71

Step 1. 2-Chloro-4-methoxy-5-nitropyrimidine

[00370] A solution of 2,4-dichloro-5-nitropyrimidine (50 g, 257.76 mmol) in MeOH (1 L) at
-30 °C was treated with dropwise addition of a solution of sodium methanolate (13.9 g, 257
mmol) in MeOH (500 mL) and the resulting mixture was stirred for 2 h at 0 °C. The reaction
mixture was warmed to ambient temperature, concentrated under vacuum and purified by silica
gel chromatography (eluting with a gradient of 1-10% EtOAc/PE) to afford 10 g (20%) of 2-
chloro-4-methoxy-5-nitropyrimidine as a white solid. MS (ESI) m/z 190 [M+H]*.

Step 2. 2-(2-1sopropylphenyl)-4-methoxy-5-nitropyrimidine

[00371] A mixture of 2-chloro-4-methoxy-5-nitropyrimidine (11 g, 58 mmol), (2-
isopropylphenyl)boronic acid (9.52 g, 58 mmol), Pd(dppf)Cl2- CH2Cl: (4.73 g, 5.80 mmol) and
potassium carbonate (16.02 g, 116 mmol) in 1,4-dioxane (200 mL) and water (50 mL) was
stirred for 16 h at 80 °C. After cooling to ambient temperature, the reaction mixture was poured
into water (50 mL) and was extracted with EtOAc (3 x 100 mL). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered, concentrated under vacuum and
purified by silica gel chromatography (eluting with a gradient of 1-10 % EtOAc/PE) to afford 10
g (63%) of 2-(2-isopropylphenyl)-4-methoxy-5-nitropyrimidine as a yellow oil. MS (ESI) m/z
274 [M+H]*.
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Step 3. 2-(2-1sopropylphenyl)-5-nitropyrimidin-4-ol

[00372] A mixture of 2-(2-isopropylphenyl)-4-methoxy-5-nitropyrimidine (6 g, 22 mmol) and
33% hydrogen bromide in acetic acid (100 mL) was stirred for 1 h at 100 °C. After cooling to
ambient temperature, the reaction mixture was poured into water/ice (300 mL) and extracted
with DCM (2 x 200 mL). The organic layers were combined, dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum to afford 5 g (88%) of 2-(2-isopropylphenyl)-5-
nitropyrimidin-4-ol as a yellow oil. MS (ESI) m/z 260 [M+H]".

Step 4. 4-Chloro-2-(2-isopropylphenyl)-5-nitropyrimidine

[00373] A mixture of 2-(2-isopropylphenyl)-5-nitropyrimidin-4-ol (5 g, 19.3 mmol) and
phosphorus(V) oxychloride (100 mL) was stirred for 2 h at 90 °C. After cooling to ambient
temperature, the reaction mixture was concentrated under vacuum and was purified by silica gel
chromatography (eluting with a gradient of 1-10% EtOAc/PE) to afford 2.7 g (50%) of 4-chloro-
2-(2-isopropylphenyl)-5-nitropyrimidine as a yellow oil. 'H NMR (300 MHz, CDCls) 6 9.35 (s,
1H), 7.89-7.79 (m, 1H), 7.64-7.48 (m, 2H), 7.37-7.30 (m, 1H), 3.68-3.59 (m, 1H), 1.30 (d, J =
6.8 Hz, 6H). MS (ESI) m/z 278.1 [M+H]*.

Intermediate B-72: (4-(1,4-Dimethyl-1H-pyrazol-3-yl)phenyl)methanamine

H,N N-n~
—

B-72

[00374] Using an analogous sequence as in the preparation of Intermediate B-69, (4-(1,4-
dimethyl-1H-pyrazol-3-yl)phenyl)methanamine was synthesized from 3-bromo-1,4-dimethyl-
1H-pyrazole (obtained from 3-bromo-4-methyl-1H-pyrazole using conditions in Example 9). MS
(ESI) m/z 202.0 [M+H]*.
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Intermediate B-73: (4-(5-Morpholino-3-(trifluoromethyl)-1H-pyrazol-1-

ylD)phenyl)methanamine

N L BrI J/Br N CF, N CF,
HCI CN N7 - -
FiC \N? 0 r’l? Hj, Raney Ni r'q?
B —— B ——— B
EtOH, 60 °C NH,  Cs,CO3;, MeCN /©/ N NH;, MeOH HZN\/©/ N
80 °C NC
CN Step1
o o

NC Step 2 Step 3

B-73
Step 1. 4-(5-Amino-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile

[00375] A mixture of 4-hydrazinylbenzonitrile hydrochloride (742 mg, 4.37 mmol), 4,4,4-
trifluoro-3-oxobutanenitrile (500 mg, 3.65 mmol) and EtOH (10 mL) was stirred for 16 h at
60 °C. After cooling to room temperature, the reaction mixture was concentrated under vacuum
and the residue was purified by silica gel chromatography (eluting with 3/7 EtOAc/PE) to afford
181 mg (20%) of 4-(5-Amino-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile as a yellow solid.
MS (ESI) m/z 253.0 [M+H]*.

Step 2. 4-(5-Morpholino-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile

[00376] In a sealed tube, a mixture of 4-(5-amino-3-(trifluoromethyl)-1H-pyrazol-1-
yl)benzonitrile (130 mg, 0.52 mmol), 1-bromo-2-(2-bromoethoxy)ethane (1.052 g, 4.54 mmol),
cesium carbonate (503 mg, 1.54 mmol) and acetonitrile (5 mL) was stirred for 16 h at 80 °C.
After cooling to room temperature, the reaction mixture was filtered and concentrated under
vacuum and the residue was purified by prep-TLC (eluting with 1:3 EtOAc/PE) to afford 120 mg
(72%) of 4-(5-morpholino-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile as a yellow solid.
MS (ESI) m/z 323.1 [M+H]*.

Step 3. (4-(5-Morpholino-3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanamine

[00377] (4-(5-Morpholino-3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanamine was
obtained as a yellow solid from 4-(5-morpholino-3-(trifluoromethyl)-1H-pyrazol-1-
yl)benzonitrile following Step 3 of Example 8. MS (ESI) m/z 327.1 [M+H]*.
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Intermediate B-74: (4-(3-Methoxy-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine

OCH; OCH,
HCI
HN—NH o 9 N~ N~
~NH, \
)J\/U\O/ N { H,, Raney Ni ,‘\l /
Zn[(L)proline],, water Q NH3, MeOH \Q
NC Step 1 NC Step 2 H,N

B-74
Step 1. 4-(3-Methoxy-5-methyl-1H-pyrazol-1-yl)benzonitrile

[00378] A mixture of (L)-proline (1.0 g, 8.69 mmol), MeOH (20 mL), triethylamine (1.2 mL)
and zinc acetate (796 mg, 4.34 mmol) was stirred for 1.5 h at ambient temperature and the
precipitate was collected by filtration and dried under vacuum to afford 1.4 g (crude) of

Zn[(L)proline]> as a white solid.

[00379] A solution of 4-hydrazinylbenzonitrile hydrochloride (1.69 g, 9.96 mmol), methyl 3-
oxobutanoate (1.16 g, 9.96 mmol), water (10 mL) and Zn[(L)proline]> (293 mg, 0.99 mmol) was
stirred for 16 h at ambient temperature, then the reaction mixture was diluted with water (20 mL)
and extracted with EtOAc (3 x 50 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with 1/9 EtOAc/PE) to afford 120 mg (6%) of 4-(3-methoxy-5-methyl-
1 H-pyrazol-1-yl)benzonitrile as a yellow solid. MS (ESI) m/z 213.9 [M+H]*.

Step 2. (4-(3-Methoxy-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine

[00380] (4-(3-Methoxy-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine was obtained as a
yellow solid from 4-(3-methoxy-5-methyl-1H-pyrazol-1-yl)benzonitrile following Step 3 of
Example 8. MS (ESI) m/z 218.2 [M+H]".

Intermediate B-75. 4-Chloro-2-(3-fluoro-2-isopropylphenyl)-5-nitropyrimidine

Cl F
N
ot
—N
B-75
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[00381] 4-Chloro-2-(3-fluoro-2-isopropylphenyl)-5-nitropyrimidine was prepared from 2-(3-
fluoro-2-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane according to Example 21. 'H
NMR (400 MHz, CDCl3) 6 9.34 (s, 1H), 7.54-7.45 (m, 1H), 7.35-7.25 (m, 1H), 7.26-7.13 (m,
1H), 3.45-3.29 (m, 1H), 1.42-1.27 (m, 6H). MS (ESI) m/z 295.9 [M+H]".

Intermediate B-76: (3,5-Difluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDphenyl)methanamine

CF;
F N

v@flk
N
H,N .

B-76

PN

[00382] In an analogous fashion to the preparation of Intermediate B-23, (3,5-difluoro-4-(1-
methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)phenyl)methanamine was prepared as a green oil

starting from 3,5-difluoro-4-formylbenzonitrile. MS (ESI) m/z 291.9 [M+H]*.
Intermediate B-77: (2-Fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)phenyl)methanamine

CF3
NN

F ‘ N
H,N

B-77

—

[00383] In an analogous fashion to the preparation of Intermediate B-23, (2-fluoro-4-(1-
methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine was prepared from 2-fluoro-

4-formylbenzonitrile.
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Intermediate B-78. 4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl trifluoromethanesulfonate

OH OoTf
Tf,0, TEA
[ =0 L =0
B N N N
H H
B-94 B-78

[00384] A mixture of Intermediate B-94 (5 g, 13.87 mmol), triethylamine (6.20 mL, 44.69
mmol) and DCM (100 mL) at -25 °C was treated with dropwise addition of a solution of
trifluoromethanesulfonic anhydride (4.30 g, 15.23 mmol) in DCM (100 mL) and the resulting
solution was stirred for 1 h at -25 °C. The reaction mixture was then poured into water (200 mL)
and was extracted with DCM (3 x 200 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered, and concentrated under vacuum. Initial purification by silica
gel chromatography (eluting first with a gradient of 0-100% EtOAc/PE, then with a gradient of
0-10% MeOH/DCM) afforded the crude product (Rf = 0.1 in 100% EtOAc), and a second
purification using Cig-reversed phase silica gel chromatography (eluting with a gradient of 5-
95% acetonitrile/NH4HCOs3 solution (0.05%)) afforded pure 4-((2-(2-isopropylphenyl)-8-oxo-
7,8-dihydro-9H-purin-9-yl)methyl)phenyl trifluoromethanesulfonate (1.02 g, 14.9%) of as an
off-white solid. '"H NMR (300 MHz, DMSO-ds) 8 11.60 (br s, 1H), 8.40 (s, 1H), 7.52-7.44 (m,
5H), 7.42-7.34(m, 2H), 7.25-7.19 (m, 1H), 5.08 (s, 2H), 3.40-3.31 (m, 1H), 1.04 (d, J = 6.90 Hz,
6H). MS (ESI) m/z 493 [M+H]".
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Example 22: Intermediate B-79. 2-(2-Isopropylphenyl)-9-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one

;I({J@ é[I i]é HNJ{ B

N__N
Pd(dppf)Cl,CH,Cl, _ N
KOAc, LiBr

[00385] Under an atmosphere of nitrogen, a mixture of Intermediate B-78 (~80% pure, 300

B-79

mg, 0.49 mmol), 4,4,5,5-tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-
dioxaborolane (774.4 mg, 3.05 mmol), Pd(dppf)Clo*CH2Cl> (49.76 mg, 0.06 mmol), potassium
acetate (515.8 mg, 5.26 mmol) and lithium bromide (106.1 mg, 1.23 mmol) in 1,4-dioxane (30
mL) was stirred for 16 h at 100 °C. After cooling to ambient temperature, the reaction mixture
was filtered, concentrated under vacuum and purified by prep-TLC (eluting with 1:20
MeOH/DCM) to afford 110 mg of 2-(2-isopropylphenyl)-9-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (~69% pure by HPLC, contaminated
with bis(diphenylphosphino)ferrocene dioxide). MS (ESI) m/z 471 [M+H]".

Example 23: Intermediate B-80. 2-(2-Isopropylphenyl)-7-methyl-9-(piperidin-4-ylmethyl)-
7,9-dihydro-8H-purin-8-one
o) NBoc 0] NBoc (o]
AN AN
NS Se R S e
(g(N Ex. 33 (&(N Ex. 36 (&(N

N._N - N._N - N._N

Step 1 Step 2
B-80
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Step 1. tert-Butyl  4-((2-(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)piperidine-1-carboxylate

[00386] tert-Butyl 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yDmethyl)piperidine-1-carboxylate (obtained from tert-butyl 4-(aminomethyl)piperidine-1-
carboxylate following Example 31) was used to prepare fert-butyl 4-((2-(2-isopropylphenyl)-7-
methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)piperidine-1-carboxylate following Example
33. MS (ESI) m/z 466.2 [M+H]*.

Step 2. 2-(2-Isopropylphenyl)-7-methyl-9-(piperidin-4-ylmethyl)-7,9-dihydro-8 H-purin-8-

one

[00387] 2-(2-Isopropylphenyl)-7-methyl-9-(piperidin-4-ylmethyl)-7,9-dihydro-8 H-purin-8-
one was synthesized as a light yellow solid from ferz-butyl 4-((2-(2-isopropylphenyl)-7-methyl-
8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)piperidine-1-carboxylate following Example 36. 'H
NMR (300 MHz, DMSO-ds) 6 8.55 (s, 1H), 7.55-7.35 (m, 3H), 7.30-7.15 (m, 1H), 3.75-3.65 (m,
2H), 3.60-3.40 (m, 1H), 3.42 (s, 3H), 2.99-2.82 (m, 2H), 2.43-2.34 (m, 2H), 2.01-1.85 (m, 1H),
1.55-1.45 (m, 2H), 1.30-1.01 (m, 8H). MS (ESI) m/z 366.2 [M+H]".

Intermediate B-81. (4-(3,3-Dimethyloxetan-2-yl)phenyl)methanamine

HO
CHO o
CHO OH
)\ i. TEA, MsCI
[ —. ?
KOH ii. 50% NaOH
BuyNHSO
Br Step 1 Br 4 4 Br
Step 2
0 (0]
Zn(CN),
Pd(PPhgz)4 H,, Raney Ni
—_— [EE
NHs, MeOH
Step 3
P CN Step 4 H,N
B-81
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Step 1. 1-(4-Bromophenyl)-2,2-dimethylpropane-1,3-diol

[00388] A mixture of 4-bromobenzaldehyde (21.6 g, 116.75 mmol), 2-methylpropanal (18 g,
249.63 mmol) and MeOH (200 mL) was treated with slow addition of a solution of 2 N aqueous
potassium hydroxide solution (125 ml) at O °C. The resulting solution was stirred for 16 h at
67 °C and was then cooled to ambient temperature. The reaction mixture was concentrated to
remove MeOH and was treated with water (100 mL). The resulting solution was extracted with
EtOAc (3 x 100 mL), the organic layers were then combined, dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum. The residue was triturated with DCM, filtered
and concentrated to afford 18 g (59%) of 1-(4-bromophenyl)-2,2-dimethylpropane-1,3-diol as a
white solid. MS (ESI) m/z 241.2, 243.2 [M+H-H:O]*.

Step 2. 2-(4-Bromophenyl)-3,3-dimethyloxetane

[00389] A mixture of 1-(4-bromophenyl)-2,2-dimethylpropane-1,3-diol (8 g, 30.87 mmol),
DCM (100 mL) and triethylamine (3.12 g, 30.83 mmol) was treated with slow addition of
methanesulfonyl chloride (3.90 g, 34.05 mmol) at O °C and the resulting solution was stirred for
2 h at ambient temperature. The resulting mixture was washed with water (2 x 100 mL) and was
poured into 50% aqueous NaOH solution (15.5 mL). Tetrabutylammonium hydrogen sulfate
(0.23 g, 6.77 mmol) was then added and the resulting mixture was stirred for 4 h at ambient
temperature. The reaction mixture was poured into water (100 mL) and was extracted with DCM
(2 x 100 mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by silica gel chromatography (eluting
with 1/20 EtOAc/PE) to afford 3.3 g (44%) of 2-(4-bromophenyl)-3,3-dimethyloxetane as a
yellow oil. '"H NMR (400 MHz, CDCl3) & 7.58-7.41 (m, 2H), 7.21-7.08 (m, 2H), 5.45 (s, 1H),
4.52 (d, J =5.60 Hz, 1H), 4.24 (d, J = 5.60 Hz, 1H), 1.39 (s, 3H), 0.78 (s, 3H).

Step 3. 4-(3,3-Dimethyloxetan-2-yl)benzonitrile

[00390] 4-(3,3-Dimethyloxetan-2-yl)benzonitrile was prepared as a yellow oil following Step
5 of Example 25. 'H NMR (400 MHz, CDCl3) 8 7.71-7.63 (m, 2H), 7.44-7.35 (m, 2H), 5.52 (s,
1H), 4.55 (d, J = 5.60 Hz, 1H), 4.26 (d, J = 5.60 Hz, 1H), 1.43 (s, 3H), 0.77 (s, 3H).
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Step 4. (4-(3,3-Dimethyloxetan-2-yl)phenyl)methanamine

[00391] [4-(3,3-Dimethyloxetan-2-yl)phenyl]methanamine was prepared as a yellow oil
following Step 3 of Example 8. MS (ESI) m/z 192.2 [M+H]*.

Intermediate B-82. 9-(4-Azidobenzyl)-2-(2-isopropylphenyl)-7, 9-dihydro-8 H-purin-8-one

NH, N3
t-BUONO

/N N NaN3 /N N
N J:N/EO t-BuOH Nv\l[N/Eo
H H

B-134 B-82

[00392] A solution of sodium azide (490 mg, 7.54 mmol) in t-butanol (10 mL) and water (0.5
mL) was treated by the addition of Intermediate B-134 (950 mg, 2.64 mmol) and #-butylnitrite
(3.3 g, 32.04 mmol). The resulting solution was stirred for 4 h at ambient temperature, then was
poured into brine (30 mL) and then extracted with EtOAc (3 x 50 mL). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The
residue was purified by silica gel chromatography (eluting with 2:1 EtOAc/PE) to afford 303.4
mg (30%) of 9-(4-azidobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one as a yellow
solid. '"H NMR (400 MHz, CD30OD) 6 8.30 (s, 1H), 7.38-7.45 (m, 5H), 7.27-7.22 (m, 1H), 7.04-
7.00 (m, 2H), 5.12 (s, 2H), 3.32-3.30 (m, 1H), 1.16-1.11 (m, 6H). MS (ESI) m/z 386.1 [M+H]*.

Intermediate B-83. 2-(2-Isopropylphenyl)-9-(1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)ethyl)-7,9-dihydro-8 H-purin-8-one

o}
/
B.
o
N.__N
’d
| >=o
N\ N
H

B-83

[00393] 2-(2-Isopropylphenyl)-9-(1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)ethyl)-7,9-dihydro-8 H-purin-8-one was prepared in an analogous fashion to
Intermediate B-79, starting from 1-(4-bromophenyl)ethan-1-amine. 'H NMR (400 MHz, DMSO-
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de) 5 11.58 (s, 1H), 8.39 (s, 1H), 7.64-7.62 (m, 2H), 7.50-7.47 (m, 1H), 7.40-7.36 (m, 4H), 7.25-
7.23 (m, 1H), 5.72-5.70 (m, 1H), 3.45-3.35 (m, 1H), 1.95 (d, J = 7.2 Hz, 3H), 1.27 (s, 12H),
1.03-1.00 (m, 6H). MS (ESI) m/z 485.2 [M+H]*.

Intermediate B-84, tert-Butyl 4-(2-iodo-1-methyl-1H-imidazol-4-yl)piperidine-1-carboxylate
and fert-butyl 4-(2-iodo-1-methyl-1H-imidazol-5-yl)piperidine-1-carboxylate

I CN Boc NBoc
”J\B NaH,CHj| N

L
\
N d(dppf)Cly-CH,CI
Step 1 2" ULl
H ep Na,COs
Step 2
NBoc NBoc
_ PdC n-Buli, I2
Step 3 Step 4
B-84

Step 1. 4-1odo-1-methyl-1H-imidazole and 5-iodo-1-methyl-1H-imidazole

[00394] Under an atmosphere of nitrogen at 0 °C, a solution of 4-iodo-1H-imidazole (5.82 g,
30.00 mmol) in THF (50 mL) was treated with portionwise addition of sodium hydride (60%
dispersion in mineral oil, 1.44 g, 36.00 mmol). After stirring for 30 min at 0 °C, iodomethane
was added (2.8 mL, 45.00 mmol) and the mixture was stirred for 1 h at O °C. The reaction
mixture was poured into water (100 mL) and was extracted with EtOAc (2 x 100 mL). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum to afford 6.24 g (90%) of a ~3:1 mixture of 4-iodo-1-methyl-1H-imidazole and 5-
iodo-1-methyl-1H-imidazole as a light yellow solid. MS (ESI) m/z 209 [M+H]".

Step 2. tert-Butyl 4-(1-methyl-1H-imidazol-4-yl)-3,6-dihydropyridine-1(2H)-carboxylate and
tert-butyl 4-(1-methyl-1H-imidazol-5-yl)-3,6-dihydropyridine-1(2H)-carboxylate

[00395] A ~3:1 mixture of 4-iodo-1-methyl-1H-imidazole and 5-iodo-1-methyl-1H-imidazole

(6.24 g, 30.00 mmol), tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-

dihydropyridine-1(2H)-carboxylate (11.1 g, 36.00 mmol), Pd(dppf)Cl,-CH2Cl> (2.45 g, 3.00
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mmol) and sodium carbonate (6.36 g, 60.00 mmol) in water (60 mL) and 1,4-dioxane (300 mL)
was stirred under an atmosphere of nitrogen for 3 h at 80 °C. After cooling to ambient
temperature, the reaction mixture was poured into EtOAc (100 mL) and was washed with water
(2 x 100 mL), dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The
residue was purified by silica gel chromatography (eluting with a gradient of 1-5%
DCM/MeOH) to afford 5 g (57%) of a ~3:1 mixture of tert-butyl 4-(1-methyl-1H-imidazol-4-yl)-
3,6-dihydropyridine-1(2H)-carboxylate and  tert-butyl = 4-(1-methyl-1H-imidazol-5-yl)-3,6-
dihydropyridine-1(2H)-carboxylate as a yellow oil. MS (ESI) m/z 264 [M+H]".

Step 3. tert-Butyl 4-(1-methyl-1H-imidazol-4-yl)piperidine-1-carboxylate and zert-butyl 4-(1-
methyl-1H-imidazol-5-yl)piperidine-1-carboxylate

[00396] A ~3:1 mixture of fert-butyl 4-(1-methyl-1H-imidazol-4-yl)-3,6-dihydropyridine-
1(2H)-carboxylate and fert-butyl 4-(1-methyl-1H-imidazol-5-yl)-3,6-dihydropyridine-1(2H)-
carboxylate (5 g, 19.01 mmol) and palladium on carbon (10 wt. %, 5 g) in MeOH (100 mL) was
evacuated and backfilled with hydrogen several times and was then charged with hydrogen. The
resulting mixture was stirred for 1 h at ambient temperature before being filtered and
concentrated under vacuum, resulting in 1.7 g (34%) of a ~3:1 mixture of tert-butyl 4-(1-methyl-
1H-imidazol-4-yl)piperidine-1-carboxylate ~ and  fert-butyl  4-(1-methyl-1H-imidazol-5-
yDpiperidine-1-carboxylate as a yellow oil. MS (ESI) m/z 266 [M+H]*.

Step 4. tert-Butyl 4-(2-iodo-1-methyl-1H-imidazol-4-yl)piperidine-1-carboxylate and tert-
butyl 4-(2-iodo-1-methyl-1H-imidazol-5-yl)piperidine-1-carboxylate

[00397] A ~3:1 mixture of tert-butyl 4-(1-methyl-1H-imidazol-4-yl)piperidine-1-carboxylate
and tert-butyl 4-(1-methyl-1H-imidazol-5-yl)piperidine-1-carboxylate (1.67 g, 6.30 mmol) in
THF (15 mL) at -78 °C was treated by dropwise addition of n-butyllithium (2.5 M in THF, 3 mL,
7.56 mmol). After the mixture was stirred for 45 min at -78 °C, a solution of I, (4.79 g, 18.87
mmol) in THF (15 mL) was added and the resulting mixture was stirred for 3 h at -78 °C. The
reaction mixture was poured into saturated ammonium chloride solution (100 mL) and was then
extracted with EtOAc (3 x 30 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with a gradient of 1-50% EtOACc/PE) to afford 1.16 g (47%) of a ~3:1

mixture of fert-butyl 4-(2-iodo-1-methyl-1H-imidazol-4-yl)piperidine-1-carboxylate and fert-
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butyl 4-(2-iodo-1-methyl-1H-imidazol-5-yl)piperidine-1-carboxylate as a light yellow oil. MS
(ESI) m/z 392 [M+H]*.

Intermediate B-85, 2-Bromo-1-isopropyl-4-methyl-1H-imidazole and 2-bromo-1-isopropyl-
S-methyl-1H-imidazole

N

NaH, DMF Br >

B-85

J\ CH,
NN N%
} o .

[00398] A mixture of 2-bromo-5-methyl-1H-imidazole (500 mg, 3.13 mmol) and DMF (10
mL) was treated with portionwise addition of NaH (60% dispersion in mineral oil, 250 mg, 5.22
mmol) at 0 °C. After stirring for 30 min at 0 °C, 2-iodopropane (639 mg, 3.76 mmol) was added
and the resulting mixture was stirred for 1 h at ambient temperature. The reaction mixture was
poured into saturated ammonium chloride solution (10 mL) and was extracted with EtOAc (10
mL x 2). The organic layers were combined, washed with water (20 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with 1% to 3% EtOAc/PE) to atford 400 mg (64%) of a ~8:1 mixture of
2-bromo-1-isopropyl-4-methyl-1H-imidazole and 2-bromo-1-isopropyl-5-methyl-1H-imidazole
as a yellow solid. MS (ESI) m/z 203, 205 [M+H]*.
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Intermediate B-86. 2-(2-Isopropylphenyl)-7-methyl-9-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one

NH,
0

HN— JQ HNJ{ MeOH

o~

NaNO,, Ki PPhs, DIAD
N. =N H,S0,4 -z N
Step 2
Step 1
B-134
O

|
B-

—

KOAc

Step 3 B-86

Step 1. 9-(4-1odobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one

[00399] A mixture of Intermediate B-134 (4.8 g, 13.35 mmol) and DMSO (13 mL) at 0 °C
was treated by the slow addition of sulfuric acid (16 mL). After stirring for 1 h, a solution of
sodium nitrite (1.29 g, 18.70 mmol) in water (4 mL) was added and the resulting mixture was
stirred for 1 h at 0 °C, followed by dropwise addition of a solution of potassium iodide (6.2 g,
37.34 mmol) in water (20 mL) at 0 °C. The resulting mixture was stirred for 16 h at ambient
temperature, then was poured into water (50 mL) and then extracted with DCM (3 x 50 mL). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by silica gel chromatography (eluting with 50-50%
EtOAC/PE) to afford 5 g (80%) of 9-(4-iodobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one as a red solid. MS (ESI) m/z 471.1 [M+H]*.

Step 2. 9-(4-1odobenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-one

[00400] 9-(4-Iodobenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one ~ was

prepared as a yellow solid according to Example 34. MS (ESI) m/z 485.1 [M+H]*.
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Step 3. 2-(2-Isopropylphenyl)-7-methyl-9-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one

[00401] 2-(2-Isopropylphenyl)-7-methyl-9-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzyl)-7,9-dihydro-8 H-purin-8-one was synthesized following Example 22. 'H NMR (300
MHz, CD;0D) 8 8.59 (s, 1H), 7.64-7.55 (m, 2H), 7.50-45 (m, 1H), 7.42-7.38 (m, 2H), 7.26-7.22
(m, 2H), 7.21-7.15 (m, 1H), 5.09 (s, 2H), 3.45 (s, 3H), 3.39-3.32 (m, 1H), 1.27(s, 12H), 1.05 (d,
J = 6.9 Hz, 6H). MS (ESI) m/z 485.3 [M+H]".

Intermediate B-87. (4-(3-(Azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine

Br
HN
I n .
N Pd,(dba)s, XantPhos Né H,, Raney Ni
1
Y/

Cs,CO3, dioxane, 100 °C ON NH,;, MeOH \/©/ Y
Step 1 NC Step 2 H2N

Step 1. 4-(3-(Azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)benzonitrile

CN

[00402] In a 100 mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, a mixture of 4-(3-bromo-5-methyl-1H-pyrazol-1-yl)benzonitrile (prepared from 3-
bromo-5-methyl-1H-pyrazole following Example 6) (1.0 g, 3.82 mmol), azetidine (218 mg, 3.82
mmol), Xantphos (221 mg, 0.38 mmol), Pd>(dba); (87 mg, 0.10 mmol), cesium carbonate (3.108
g, 9.54 mmol) and 1,4-dioxane (10 mL) was stirred for 16 h at 100 °C. After cooling to room
temperature, the reaction mixture was poured into water (20 mL) and was extracted with DCM
(3 x 10 mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by silica gel chromatography (eluting
with 3/7 EtOAc/PE) to afford 200 mg (22%) of 4-[3-(azetidin-1-yl)-5-methyl-1H-pyrazol-1-
yl]benzonitrile as a yellow solid. MS (ESI) m/z 239.1 [M+H]*.

Step 2. (4-(3-(Azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine

[00403] (4-(3-(Azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)phenyl)methanamine was obtained
as a green oil from 4-(3-(azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)benzonitrile following Step 3
of Example 8. MS (ESI) m/z 243.2 [M+H]*.
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Example 24. Intermediate B-88. (1-(Pyridin-3-yl)piperidin-4-yl)methanamine

7]
N
Br X | SN | N
n Pd,(dba)s-CHCI3 Pz =
XantPhos N TFA, DCM N
t-BuONa, dioxane
BocHN 100 °C Step 2
Step 1 BocHN H,N

B-88

Step 1. tert-Butyl ((1-(pyridin-3-yl)piperidin-4-yl)methyl)carbamate

[00404] In a flask purged and maintained under an inert atmosphere of nitrogen, a mixture of
3-bromopyridine (2 g, 12.66 mmol), tert-butyl (piperidin-4-ylmethyl)carbamate (8.13 g, 37.94
mmol), sodium tert-butoxide (3.65 g, 37.98 mmol), Pdx(dba);CHCI; (1.32 g, 1.28 mmol),
Xantphos (734 mg, 1.27 mmol) and 1,4-dioxane (40 mL) was stirred for 18 h at 100 °C. After
cooling to room temperature, the reaction mixture was poured into water (20 mL) and extracted
with EtOAc (3 x 40 mL). The organic layers were combined, dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum. The residue was purified by flash
chromatography eluting with EtOAc/PE (1/4) to give tert-butyl ((1-(pyridin-3-yl)piperidin-4-
yl)methyl)carbamate (3 g, 81%). MS (ESI) m/z 292 [M+H]".

Step 2. (1-(Pyridin-3-yl)piperidin-4-yl)methanamine

[00405] (1-(Pyridin-3-yl)piperidin-4-yl)methanamine was obtained from fert-butyl ((1-
(pyridin-3-yl)piperidin-4-yl)methyl)carbamate following Example 36. MS (ESI) m/z 192
[M+H]*.

Intermediate B-89. 2-(1-(pyridin-3-yl)piperidin-4-yl)ethan-1-amine

H,N
B-89

[00406] 2-(1-(Pyridin-3-yl)piperidin-4-yl)ethan-1-amine was prepared as a yellow solid from
tert-butyl (2-(piperidin-4-yl)ethyl)carbamate following Example 24. MS (ESI) m/z 206 [M+H]*.
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Intermediate B-90. 1-(Pyridin-3-yl)piperidin-4-amine

B-90

[00407] 1-(Pyridin-3-yl)piperidin-4-amine was prepared as a yellow oil from tert-butyl
piperidin-4-ylcarbamate following Example 24. MS (ESI) m/z 178.0 [M+H]*.

Intermediate B-91. 1-(4-(1H-Pyrazol-1-yl)phenyl)cyclopropan-1-amine hydrochloride
HN™ S
- _
Br Cul, CSQCOIB D HCI hll\/N/>
BocHN _ KQ/ N~ _ Ha K©/
N,N-dimethyl-trans- BocHN HoN
1,2-cyclohexyldiamine

Step 2
Step 1 B-91

Step 1. tert-Butyl (1-(4-(1H-pyrazol-1-yl)phenyl)cyclopropyl)carbamate

[00408] tert-butyl (1-(4-(1H-pyrazol-1-yl)phenyl)cyclopropyl)carbamate was synthesized as a
yellow solid following Step 1 of Example 4. 'H NMR (300MHz, CDCl3) & 7.88 (br s, 1H), 7.70
(s, 1H), 7.60 (br d, J = 8.2 Hz, 2H), 7.35-7.26 (m, 2H), 6.44 (br s, 1H), 5.35 (br s, 1H), 1.44 (br
s, 9H), 1.26 (br d, J = 15.5 Hz, 4H). MS (ESI) m/z 300.13 [M+H]*.

Step 2. 1-(4-(1H-Pyrazol-1-yl)phenyl)cyclopropan-1-amine hydrochloride

[00409] To a solution of tert-butyl (1-(4-(1H-pyrazol-1-yl)phenyl)cyclopropyl)carbamate (0.4
g, 1.336 mmol) in 1,4-dioxane (3 mL) was added HCIl (4N in 1,4-dioxane, 3 mL, 12 mmol) at
ambient temperature. The reaction mixture was heated to 50 °C for 1 h, then was cooled to
ambient temperature. The resulting white solids were collected by vacuum filtration, washed
with ether and dried wunder reduced pressure to afford 1-(4-(1H-pyrazol-1-
yDphenyl)cyclopropan-1-amine hydrochloride (289 mg, 92%). MS (ESI) m/z 200.12 [M+H]*.
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Intermediate B-92. (4-(3-Morpholino-1H-pyrazol-1-yl)phenyl)methanamine
(0] (0]
% C
N= Bro_ -~ ~_Br N . N
r\ié o) '?lé H,, Raney Ni N§
/©/ Cs,CO03, KI, MeCN N_/ NHj3, MeOH N_/
- S S
Step 1 NC tep H,N

B-92

Step 1. 4-(3-Morpholino-1H-pyrazol-1-yl)benzonitrile

[00410] A mixture of 4-(3-amino-1H-pyrazol-1-yl)benzonitrile (prepared in Example 16) (3 g,
16.29 mmol), 1-bromo-2-(2-bromoethoxy)ethane (7.56 g, 32.60 mmol), potassium iodide (13.53
g, 81.50 mmol), cesium carbonate (15.94 g, 48.92 mmol) and acetonitrile (40 mL) was stirred for
18 h at 80 °C. After cooling to room temperature, the reaction mixture was poured into water
(200 mL) and was extracted with EtOAc (3 x 50 mL). The organic layers were combined, dried
over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 0/100 to 50/50 EtOAc/PE) to afford 2 g
(24%) of 4-(3-morpholino-1H-pyrazol-1-yl)benzonitrile as a yellow solid. MS (ESI) m/z 254.9
[M+H]*.

Step 2. (4-(3-morpholino-1H-pyrazol-1-yl)phenyl)methanamine
[00411] (4-(3-Morpholino-1H-pyrazol-1-yl)phenyl)methanamine was obtained as a yellow oil

from 4-(3-morpholino-1H-pyrazol-1-yl)benzonitrile following Step 3 of Example 8. MS (ESI)
m/z 259.1 [M+H]*
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Example 25. Intermediate B-93. (4-(4-(Difluoromethyl)-1-methyl-1H-imidazol-2-

ylD)phenyl)methanamine

OH
/0 /
HNy _NH, HO :}(\OH N_ NH o
MO~/ "o N o, N G NH  NeH CHl Ny N
NH,CI, NH,OH
Step 2 Step 3
Br Step 1 P
Br Br
F F '
F F Fﬂﬂ
— Zn(CN), - N g N
DAST N. N— Pd(PPh3)4 Ny N— H,, Raney Ni Y
NHs, MeOH
Step 4 Step 5
Step 6
Br CN NH,
B-93

Step 1. (2-(4-Bromophenyl)-1H-imidazol-4-yl)methanol

[00412] A mixture of 4-bromobenzene-1-carboximidamide (15 g, 75.36 mmol), concentrated
ammonium hydroxide (500 mL), 2,5-bis(hydroxymethyl)-1,4-dioxane-2,5-diol (15 g, 83.26
mmol) and ammonium chloride (20 g, 373.52 mmol) was stirred for 1.5 h at 80 °C. After cooling
to ambient temperature, the resulting precipitate was collected by filtration and dried under
vacuum to afford 12 g (60%) of [2-(4-bromophenyl)-1H-imidazol-4-ylJmethanol as a brown
solid. MS (ESI) m/z 252.6, 254.6 [M+H]*.

Step 2. 2-(4-Bromophenyl)-1H-imidazole-4-carbaldehyde

[00413] A mixture of [2-(4-bromophenyl)-1H-imidazol-4-ylJmethanol (4.5 g, 17.07 mmol),
THF (80 mL) and MnO; (15.6 g, 179.44 mmol) was stirred for 18 h at 60 °C. After cooling to
ambient temperature, the reaction mixture was filtered and concentrated under vacuum to afford
3.3 g (77%) of 2-(4-bromophenyl)-1H-imidazole-4-carbaldehyde as a yellow solid. MS (ESI)
m/z 250.8, 252.8 [M+H]*.
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Step 3. 2-(4-Bromophenyl)-1-methyl-1H-imidazole-4-carbaldehyde

[00414] 2-(4-bromophenyl)-1-methyl-1H-imidazole-4-carbaldehyde was prepared as a yellow
solid following Example 9. MS (ESI) m/z 264.8, 266.8 [M+H]*.

Step 4. 2-(4-Bromophenyl)-4-(difluoromethyl)-1-methyl-1H-imidazole

[00415] Into a 100 mL 3-necked round-bottom flask purged and maintained with an inert
atmosphere of nitrogen a mixture of 2-(4-bromophenyl)-1-methyl-1H-imidazole-4-carbaldehyde
(630 mg, 2.31 mmol) and DCM (20 mL) was treated by the dropwise addition of
diethylaminosulfur trifluoride (2.86 mL, 23.05 mmol) with stirring at 0 °C. The resulting
solution was stirred for 18 h at ambient temperature then was poured into saturated sodium
bicarbonate solution (200 mL) and was extracted with DCM (4 x 100 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by silica gel chromatography (eluting with 0/100 to 70/30 EtOAc/PE)
to afford 678 mg (56%) of 2-(4-bromophenyl)-4-(difluoromethyl)-1-methyl-1H-imidazole as a
yellow oil. MS (ESI) m/z 286.9, 288.9 [M+H]".

Step 5. 4-(4-(Difluoromethyl)-1-methyl-1H-imidazol-2-yl)benzonitrile

[00416] Into a 25 mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, a mixture of 2-(4-bromophenyl)-4-(difluoromethyl)-1-methyl-1H-imidazole (578 mg,
1.93 mmol), DMF (5§ mL), tetrakis(triphenylphosphine)palladium(0) (233 mg, 0.20 mmol) and
zinc cyanide (236 mg, 2.01 mmol) was stirred for 18 h at 120 °C. After cooling to ambient
temperature, the reaction mixture was poured into water (10 mL) and was extracted with EtOAc
(4 x 10 mL). The organic layers were combined, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by prep-TLC (eluting with 1/1
EtOAc/PE) to afford 150 mg (30%) of 4-[4-(difluoromethyl)-1-methyl-1H-imidazol-2-
yl]benzonitrile as a yellow solid. MS (ESI) m/z 234.2 [M+H]*.

Step 6. (4-(4-(Difluoromethyl)-1-methyl-1H-imidazol-2-yl)phenyl)methanamine

[00417] [4-[4-(Difluoromethyl)-1-methyl-1H-imidazol-2-yl]phenyl Jmethanamine was
obtained as a yellow solid following Step 3 of Example 8. MS (ESI) m/z 237.9 [M+H]".
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Example 26: Intermediate B-94. 9-(4-Hydroxybenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-

8H-purin-8-one

ol e

—_—
N._N

N.__N Step 1 N__N Pd(dppf)ClyCH,Cl,
b e KoCOs
cl ol
Step 2 B-94

Step 1. 2-Chloro-9-(4-hydroxybenzyl)-7,9-dihydro-8 H-purin-8-one

[00418] A mixture of 2-chloro-9-(4-methoxybenzyl)-7,9-dihydro-8 H-purin-8-one (prepared
from (4-methoxyphenyl)methanamine according to Example 18) (7 g, 24.08 mmol) and DCM
(200 mL) under a nitrogen atmosphere at 0 °C was treated with dropwise addition of boron
tribromide (1M in DCM, 121 mL, 121 mmol). The resulting solution was stirred for 4 h at 0 °C,
then was poured into water/ice (500 mL). The solids were collected by vacuum filtration and
dried under vacuum to afford 4 g (60%) of 2-chloro-9-(4-hydroxybenzyl)-7,9-dihydro-8 H-purin-
8-one as a light yellow solid. MS (ESI) m/z 277 [M+H]*.

Step 2. 9-(4-Hydroxybenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one

[00419] 9-(4-Hydroxybenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one was
synthesized according to Step 1 of Example 1. "H-NMR (300 MHz, DMSO-ds) & 11.46 (br s,
1H), 9.39 (br s, 1H), 8.35 (s, 1H), 7.51-7.35 (m, 3H), 7.26-7.15 (m, 3H), 6.69 (d, J = 8.1 Hz,
2H), 4.89 (s, 2H), 3.43-3.50 (m, 1H), 1.12 (d, J = 6.6 Hz, 6H). MS (ESI) m/z 361 [M+H]".

Example 27: Intermediate B-95. 4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)benzoic acid

o— OH

K®/§0 B(OH), //@%0
CI\(/N N XPhos Pd G2 /NJEN>:0
(0] XPhos, K5;PO
NJ:N>: e NS~N
N H

B-95
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[00420] Under an atmosphere of nitrogen, a mixture of methyl 4-((2-chloro-8-oxo-7,8-
dihydro-9H-purin-9-yl)methyl)benzoate (prepared from methyl 4-(aminomethyl)benzoate
hydrochloride following Example 18) (200 mg, 0.628 mmol), (2-isopropylphenyl)boronic acid
(154 mg, 0.941 mmol), 1M potassium phosphate (1255 pL, 1.255 mmol), XPhos Pd G2 (9.87
mg, 0.013 mmol) and XPhos (8.97 mg, 0.019 mmol) was heated at 110 °C for 18 h. The reaction
mixture was cooled to ambient temperature, recharged with (2-isopropylphenyl)boronic acid
(154 mg, 0.941 mmol), 1M potassium phosphate (1255 pL, 1.255 mmol), XPhos Pd G2 (9.87
mg, 0.013 mmol) and XPhos (8.97 mg, 0.019 mmol) and heated to 110 ° C for 18 h. The reaction
mixture was cooled to ambient temperature and was washed with EtOAc. The aqueous layer
was carefully acidified with concentrated HCI to pH 2 and extracted with EtOAc (2x). The
combined acidic extracts were washed with brine, dried over sodium sulfate, filtered, and
concentrated to afford 257 mg (100% yield) of 4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-
purin-9-yl)methyl)benzoic acid as a white solid. MS (ESI) m/z 389 [M+H]".

Intermediate B-96. 9-(3-Hydroxybenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-

one
OH
sevet
~
Lo
H
B-96
[00421] 9-(3-Hydroxybenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one was

prepared as a light yellow solid following an analogous sequence to Example 26. 'H NMR (300
MHz, DMSO-de) 6 11.54 (br s, 1H), 9.39 (s, 1H), 8.39 (s, 1H), 7.52-7.49 (m, 1H), 7.43-7.02 (m,
2H), 7.26-7.21 (m, 1H), 7.10-7.07 (m, 1H), 6.75-6.51 (m, 3H), 4.93 (s, 2H), 3.49-3.40 (m, 1H),
1.09 (d, J = 6.90 Hz, 6H). MS (ESI) m/z 361.2 [M+H]".
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Intermediate B-97. (4-(5-Methyl-2H-tetrazol-2-yl)phenyl)methanamine hydrochloride

HN-N \

NQ N 11 \
B(OH), \N,N

Cu20 Pd/C, H2

DMSO MeOH
CN

Step 1 Step 2 HCl

NH,
B-97

Step 1. 4-(5-Methyl-2H-tetrazol-2-yl)benzonitrile

[00422] A mixture of copper(I) oxide (0.170 g, 1.189 mmol), 5-methyl-2H-tetrazole (1g,
11.89 mmol), (4-cyanophenyl)boronic acid (3.50 g, 23.79 mmol) and DMSO (20 mL) was stirred
open to atmosphere for 16 h at 100 °C. The mixture was cooled to ambient temperature, filtered,
diluted with DCM and MeOH and re-filtered. The filtrate was washed with water (2x 50 mL),
brine (50 mL), dried over sodium sulfate, filtered, and concentrated. Purification by silica gel
chromatography (0 to 5% MeOH/DCM gradient) afforded 190 mg (9%) of 4-(5-methyl-2H-
tetrazol-2-yl)benzonitrile. '"H NMR (300 MHz, CDCl3) 6 2.60 (s, 3 H) 7.80 (d, J = 8.50 Hz, 2H)
8.2 (d, J = 8.50 Hz, 2H). MS (ESI) m/z 186.03 [M+H]*

Step 2. (4-(5-Methyl-2H-tetrazol-2-yl)phenyl)methanamine hydrochloride

[00423] A solution of 4-(5-methyl-2H-tetrazol-2-yl)benzonitrile (190 mg, 1.026 mmol) and
IN HCl (10 mL, 10.00 mmol) in MeOH (30 ml) was degassed with nitrogen for 5 min, treated
with 10% Pd-C (100 mg), and shaken under a 40 psi hydrogen atmosphere for 16 h. The mixture
was filtered and the filtrate dried to afford 176 mg of (4-(5-methyl-2H-tetrazol-2-
yl)phenyl)methanamine hydrochloride (76%). '"H NMR (300 MHz, DMSO-ds) 8 ppm 3.33 (s, 3
H) 4.02-4.27 (m,2H) 7.74 (d, J = 8.79 Hz, 2H) 8.09 (d, J = 8.79 Hz, 2 H) 8.33 - 8.68 (br, 2 H).
MS (ESI) m/z 190.06 [M+H]*.
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Intermediate B-98. 2-Chloro-7-cyclopropyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one

[>—B(0H),

‘ 2w N )
W\O@W = T

CU(OAC)Q, NEQCO3

Cl
B-49 B-98

[00424] A mixture of cyclopropylboronic acid (84 mg, 0.979 mmol), Intermediate B-49 (200
mg, 0.489 mmol) and sodium carbonate (104 mg, 0.979 mmol) in DCE/DMF (2:1, 3 mL) was
treated with a suspension of copper(Il) acetate (89 mg, 0.489 mmol) and 2,2'-bipyridine (76 mg,
0.489 mmol) in hot DCE (1 mL) and was heated to 70 °C for 18 hours. The mixture was cooled
to room temperature and was treated with saturated aqueous ammonium chloride. The organic
layer was separated and the aqueous layer was extracted with DCM (3 x 10 mL). The combined
organic layers were washed with brine, dried over sodium sulfate and concentrated to a residue
that was purified by silica gel chromatography (eluting with 0-6% MeOH/DCM) to yield 2-
chloro-7-cyclopropyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-dihydro-
8H-purin-8-one (0.185¢g, 58% yield). 'H NMR (300MHz, CDCl3) &: 8.16 - 8.12 (m, 1H), 7.60
(m, 4H), 7.26 (s, 1H), 5.10 (s, 2H), 3.74 (s, 3H), 2.98 - 2.93 (m, 1H), 1.15 (br d, J = 6.4 Hz, 2H),
1.05 - 0.98 (m, 2H). MS (ESI) m/z 449.00 [M+H]*.

Intermediate B-99, tert-Butyl 2-(4-(aminomethyl)phenyl)-2,6-dihydropyrrolo[3,4-
c]pyrazole-5(4H)-carboxylate and Intermediate B-100, tert-butyl 1-4-
(aminomethyl)phenyl)-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-carboxylate

N=
2N N N_/
\_©7N\;CNB°° NB
HoN oc

B-99 B-100

[00425] tert-Butyl 2-(4-(aminomethyl)phenyl A  mixture of)-2,6-dihydropyrrolo[3,4-
c]pyrazole-5(4H)-carboxylate and tert-butyl 1-(4-(aminomethyl)phenyl)-4,6-dihydropyrrolo|3,4-

226

139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

c]pyrazole-5(1H)-carboxylate was prepared from tert-butyl 2,6-dihydropyrrolo[3,4-c]pyrazole-
5(4H)-carboxylate following Example 6. MS (ESI) m/z 315 [M+H]".

Example 28: Intermediate B-101. 2-(3-Fluoro-2-isopropylphenyl)-9-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one

H2N /
(0]
Cl F \ B/
N i DIEA 0
on—(_° Fe, NH,C| N
—N ii. e, 4
jii. CDI N>:°

B-75
B-101

[00426] A solution of Intermediate B-75 (0.2M in i-PrOH, 1.69 mL, 0.338 mmol), (4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)methanamine (0.2M in i-PrOH, 1.86 mL, 0.372
mmol), and DIEA (300 pL, 1.72 mmol) was heated at 50 °C for 2 h, then was concentrated under
reduced pressure. The residue was taken up in MeOH (1 mL), THF (1 mL) and water (1 mL)
and was treated with iron (55 mg, 1 mmol) and ammonium chloride (100 mg, 2 mmol). The
reaction was heated at 80 °C for 3 h. The reaction mixture was cooled to ambient temperature,
filtered through a plug of cotton and concentrated under a stream of nitrogen. The residue was
treated with 1IN NaOH (2 mL), extracted with EtOAc (2 x 2 mL) and the combined extracts
concentrated under reduced pressure. The residue was taken up in dioxane (2 mL), treated with
CDI (150 mg, 900 umol) and heated to 80 °C for 3 h. The solution was concentrated under a
stream of nitrogen and was treated with 1N NaOH (2 mL), extracted with EtOAc (2 x 2 mL) and
the combined extracts concentrated under reduced pressure. Purification using a Biotage Isolera
(25 g column, eluting with a gradient of 10-80% EtOAc/hexanes) afforded 101 mg (61% yield)
of 2-(3-fluoro-2-isopropylphenyl)-9-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-7,9-
dihydro-8 H-purin-8-one. MS (ESI) m/z 489.2 [M+H]*.

Intermediate B-102: (6-(1H-Pyrazol-1-yl)pyridin-3-yl)methanamine
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[00427] (6-(1H-Pyrazol-1-yl)pyridin-3-yl)methanamine was prepared as a yellow oil from 6-
chloronicotinonitrile following Example 6. MS (ESI) m/z 175.2 [M+H]*.

Intermediate B-103. zert-Butyl 3-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperidine-1-

carboxylate

NBoc

B-103

[00428] tert-Butyl  3-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperidine-1-carboxylate
was prepared from 3-(1H-pyrazol-3-yl)piperidine dihydrochloride following Example 11. MS
(ESI) m/z 357 [M+H]*

Intermediate B-104. 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-

purin-8-one
NHBoc NHBoc NH,
o o
N N
N Q§ N4 Q§
N N
DIAD, PPh; | N TFA | X

0]
HN%
o~
I
N.__N N.__N N.__N
MeOH Step 2
Step 1

Step 1. tert-Butyl (4-((2-(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-

B-104

yD)methyl)phenyl)carbamate

[00429] tert-Butyl (4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)carbamate (described in Example 30) was used to synthesize tert-butyl (4-((2-
(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)carbamate as a
yellow solid following Example 34. MS (ESI) m/z 474.2 [M+H]".

Step 2. 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-one
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[00430] 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-one was
obtained a light yellow solid following Example 36. 'H NMR (300 MHz, DMSO-d¢) & 8.54 (s,
1H), 7.63-7.35 (m, 3H), 7.30-7.25 (m, 1H), 7.05 (d, J = 8.1 Hz, 2H), 6.48 (d, J = 8.1 Hz, 2H),
5.07 (br s, 2H), 4.86 (s, 2H), 3.56-3.42 (m, 1H), 3.42 (s, 3H), 1.15 (d, J = 6.9 Hz, 6H). MS (ESI)
m/z 374.2 [M+H]*.

Intermediate B-105. 2-(2-Isopropylphenyl)-7-methyl-9-(4-(methylamino)benzyl)-7,9-
dihydro-8H-purin-8-one

\ \
NHBoc NBoc NH
o) o) o)
AN AN AN
ot ot o Q
(g(N NaH, Mel K&(N TFA (g(N
NN Step 1 N.~N Step 2 N 2N
B-105

Step 1. tert-Butyl (4-((2-(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)(methyl)carbamate

[00431] tert-Butyl (4-((2-(2-isopropylphenyl)-7-methyl-8-oxo0-7,8-dihydro-9 H-purin-9-
yD)methyl)phenyl)(methyl)carbamate was prepared from tert-butyl (4-((2-(2-isopropylphenyl)-7-
methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)carbamate using conditions described in
Example 9. MS (ESI) m/z 488.3 [M+H]".

Step 2. 2-(2-Isopropylphenyl)-7-methyl-9-(4-(methylamino)benzyl)-7,9-dihydro-8H-purin-8-

one

[00432] 2-(2-Isopropylphenyl)-7-methyl-9-(4-(methylamino)benzyl)-7,9-dihydro-8 H-purin-8-
one was prepared from tert-butyl (4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-
purin-9-yl)methyl)phenyl)(methyl)carbamate following Example 36. 'H NMR (300 MHz,
DMSO-de) 6 8.54 (s, 1H), 7.54-7.38 (m, 3H), 7.29-7.24 (m, 1H), 7.13 (d, J = 8.4 Hz, 2H), 6.45
(d, J = 8.7 Hz, 2H), 5.64 (q, J = 5.1 Hz, 1H), 4.88 (s, 2H), 3.55-3.46 (m, 1H), 3.42 (s, 3H), 2.62
(d,J =5.1Hz, 3H), 1.15 (d, J = 6.6 Hz, 6H). MS (ESI) m/z 388.2 [M+H]".
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Intermediate B-106. (2,6-difluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-

ylD)phenyl)methanamine

CF,
N\ A\
F N
\
H,N
F
B-106

[00433] In an analogous fashion to the preparation of Intermediate B-23, (2,6-difluoro-4-(1-
methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine was prepared from 2,6-

difluoro-4-formylbenzonitrile.

Intermediate B-107. (3-Fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-

yl)phenyl)methanamine

CF;

|

N

H,N \
2 F

B-107

[00434] In an analogous fashion to the preparation of Intermediate B-23, (3-fluoro-4-(1-
methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)methanamine was prepared as a yellow
solid from 3-fluoro-4-formylbenzonitrile. MS (ESI) m/z 273.6 [M+H]*.

Intermediate B-108. 2-(2-Fluoropyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one

Fsc/qf)\@\\ @ |:3c/( )\Q\\ F N

N N

o= | hd PdAMPHOS, KOAc
NN EtOH, water
H

MW 120 °C

B-49 B-108
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[00435] Into a 30 mL microwave tube purged and maintained with an inert atmosphere of
nitrogen was placed Intermediate B-49 (1.5 g, 3.67 mmol), (2-fluoropyridin-3-yl)boronic acid
(2.585 g, 18.35 mmol), potassium acetate (792 mg, 8.07 mmol), EtOH (15 mL), water (3 mL)
and PAAMPHOS (260 mg, 0.37 mmol). The resulting mixture was heated with microwave
irradiation for 4 h at 120 °C. After cooling to ambient temperature, the reaction mixture was
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
1/10 MeOH/DCM) and the product was further purified by C18-reversed phase silica gel
chromatography (eluting with 30% to 60% acetonitrile/water (10 mmol NH4sHCO3)) resulting in
564 mg (33%) of 2-(2-fluoropyridin-3-yl)-9-([4-[1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl]phenyl]methyl)-8,9-dihydro-7H-purin-8-one as a white solid. 'H NMR (400 MHz, DMSO-de)
0 11.70 (s, 1H), 8.56-8.53 (m, 1H), 8.45 (s, 1H), 8.33 (d, J = 8.00 Hz, 1H), 7.91 (s, 1H), 7.70 (d,
J = 8.40 Hz, 2H), 7.56-7.49 (m, 3H), 5.14 (s, 2H), 3.76 (s, 3H). MS (ESI) m/z 470.2 [M+H]*.

Intermediate B-109. (4-(2,5-dimethyloxazol-4-yl)phenyl)methanamine

0 5/*0 »/70
Br, / N H> N A
HOAc AcNH2 Zn(CN), Raney Ni
—_—
tBuXPhos Pd G3 NH3/MeOH
Step 1 Step 2 tBuXPhos
Step 4

Br Step 3 CN H,N

B-109
Step 1. 2-Bromo-1-(4-bromophenyl)propan-1-one

[00436] A mixture of 1-(4-bromophenyl)propan-1-one (10 g, 46.9 mmol) and acetic acid (20
mL) was treated with dropwise addition of bromine (8.2 g, 51.3 mmol) and the resulting solution
was stirred for 2 h at 25 °C. The reaction mixture was poured into water (100 mL) and was
extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered, concentrated under vacuum and purified by silica gel chromatography
(eluting with 1:10 EtOACc/PE) to afford 5.0 g (36%) of 2-bromo-1-(4-bromophenyl)propan-1-one
as a yellow solid. '"H NMR (400 MHz, CDCl3) § 7.96-7.77 (m, 2H), 7.72-7.54 (m, 2H), 5.21 (q, J
= 6.6 Hz, 1H), 1.89 (d, J = 6.6 Hz, 3H).
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Step 2. 4-(4-Bromophenyl)-2,5-dimethyloxazole

[00437] A mixture of 2-bromo-1-(4-bromophenyl)propan-1-one (4.0 g, 13.7 mmol) and
acetamide (814 mg, 13.8 mmol) was heated at 135 °C for 1 h. After cooling to ambient
temperature, the reaction mixture was poured into saturated sodium bicarbonate solution (100
mL) and was extracted with EtOAc (2 x 150 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered, concentrated under vacuum and purified by silica gel
chromatography (eluting with 1:10 EtOAc/PE) to afford 2.3 g (67%) of 4-(4-bromophenyl)-2,5-
dimethyloxazole as a light yellow solid. MS (ESI) m/z 251.6, 253.6 [M+H]*.

Step 3. 4-(2,5-Dimethyloxazol-4-yl)benzonitrile

[00438] 4-(2,5-Dimethyloxazol-4-yl)benzonitrile was prepared from 4-(4-bromophenyl)-2,5-
dimethyloxazole following Step 4 of Example 17. MS (ESI) m/z 199.0 [M+H]".

Step 4. (4-(2,5-Dimethyloxazol-4-yl)phenyl)methanamine

[00439] (4-(2,5-Dimethyloxazol-4-yl)phenyl)methanamine was prepared from 4-(2,5-
dimethyloxazol-4-yl)benzonitrile following Step 3 of Example 8. MS (ESI) m/z 203.2 [M+H]*

Intermediate B-110. 1-(3-(2-(4-(Aminomethyl)phenyl)-4-(trifluoromethyl)-1H-imidazol-1-
yl)azetidin-1-yl)ethan-1-one

CFs CF, o Fs C CFs
N
N\/g HCI /S )k Raney Ni N g
N — N
b Step 1 DIE N NH3/MeOH bN
NBoc NH Step 2 ?7/ Step 3 o
NC NC H,N
B-110

Step 1. 4-(1-(Azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile hydrochloride

[00440] A mixture of tert-butyl 3-(2-(4-cyanophenyl)-4-(trifluoromethyl)-1H-imidazol-1-
yl)azetidine-1-carboxylate (1.0 g, 2.54 mmol) and HCI (4M in dioxane, 10 mL) was stirred for 2
h at ambient temperature. The resulting mixture was concentrated under vacuum to afford 0.9 g
(crude) of 4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile hydrochloride
as a brown oil. MS (ESI) m/z 292.9 [M+H]*.
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Step 2. 4-(1-(1-Acetylazetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile

[00441] 4-(1-(1-acetylazetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile ~ was
prepared from 4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzonitrile
hydrochloride following Step 2 of Example 51. MS (ESI) m/z 335.0 [M+H]*.

Step 3. 1-(3-(2-(4-(Aminomethyl)phenyl)-4-(trifluoromethyl)-1H-imidazol-1-yl)azetidin-1-
ylethan-1-one

[00442]  1-(3-(2-(4-(Aminomethyl)phenyl)-4-(trifluoromethyl)-1H-imidazol-1-yl)azetidin-1-
yl)ethan-1-one was synthesized from 4-(1-(1-acetylazetidin-3-yl)-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzonitrile following Step 3 of Example 8. MS (ESI) m/z 339.0 [M+H]*.

Intermediate B-111, 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carbonitrile and
Intermediate B-112, 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-carbonitrile

CN
H,N Hsz@ CN
B-111 B-112

[00443] A ~1:1 mixture of 1-(4-(aminomethyl)phenyl)-5-methyl-1H-pyrazole-3-carbonitrile
and 1-(4-(aminomethyl)phenyl)-3-methyl-1H-pyrazole-5-carbonitrile was prepared following
Example 15, using 5-methyl-1H-pyrazole-3-carbonitrile in place of 1H-pyrazole-3-carbonitrile.

MS (ESI) m/z 212.9 [M+H]*.

Intermediate B-113. 4-Chloro-2-(2-isopropylpyridin-3-yl)-5-nitropyrimidine

CI ;21)
N =N
N\

B-113

[00444] 4-Chloro-2-(2-isopropylpyridin-3-yl)-5-nitropyrimidine =~ was  prepared  from
Intermediate B-2 according to Example 21. MS (ESI) m/z 279.0 [M+H]".
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Intermediate B-114, 2-(4-Bromophenyl)-1-methyl-1,2-dihydro-3H-pyrazol-3-one and
Intermediate B-115, 1-(4-bromophenyl)-5-methoxy-1H-pyrazole

(0]

0
EtO,C A A
HNTE! EtOJ\[U\OEt /l:\ N\ o N
NH o - Mel, cho3

OEt N NaOH
K2CO; Step 2 Step 3
Step 1

Br
Br

B-114 B-115
Step 1. Ethyl 2-(4-bromophenyl)-3-o0xo0-2,3-dihydro-1H-pyrazole-4-carboxylate

[00445] A mixture of (4-bromophenyl)hydrazine hydrochloride (10 g, 44.74 mmol), EtOH
(500 mL), potassium carbonate (31 g, 224.30 mmol) and diethyl 2-(ethoxymethylene)malonate
(10.2 g, 47.17 mmol) was stirred for 18 h at 80 °C. After cooling to ambient temperature, the
mixture was concentrated under vacuum, dispersed in water (200 mL) and the pH adjusted to 4
by slow addition of 2N HCI. The resulting solution was extracted with EtOAc (3 x 200 mL), the
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum to afford 18 g (crude) of ethyl 2-(4-bromophenyl)-3-0x0-2,3-dihydro-1H-
pyrazole-4-carboxylate as a dark red solid. MS (ESI) m/z 311.0, 313.0 [M+H]*.

Step 2. 2-(4-Bromophenyl)-1,2-dihydro-3H-pyrazol-3-one

[00446] A mixture of ethyl 2-(4-bromophenyl)-3-oxo-2,3-dihydro-1H-pyrazole-4-carboxylate
(8 g, 25.71 mmol), NaOH (6.24 g, 156.01 mmol) and water (156 mL) was stirred for 4 h at
125 °C. After cooling to ambient temperature, the pH value of the solution was adjusted to 3.5
with concentrated HCI and the resulting mixture was extracted with EtOAc (3 x 500 mL). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by silica gel chromatography (eluting with 30%
EtOACc/PE) to afford 4.5 g (70%) of 2-(4-bromophenyl)-1,2-dihydro-3H-pyrazol-3-one as a light
yellow solid. MS (ESI) m/z 239.0, 240.9 [M+H]*.

Step 3. 2-(4-Bromophenyl)-1-methyl-1,2-dihydro-3H-pyrazol-3-one and 1-(4-bromophenyl)-
5-methoxy-1H-pyrazole

[00447] A mixture of 2-(4-bromophenyl)-1,2-dihydro-3H-pyrazol-3-one (4 g, 16.73 mmol),
potassium carbonate (11.54 g, 83.50 mmol), water (96 mL,) and tween-20 (4 mL) at ambient
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temperature was treated with dropwise addition of iodomethane (11.88 g, 83.70 mmol) and the
resulting mixture was stirred for 2 h. The reaction mixture was extracted with EtOAc (4 x 50
mL), the organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
a gradient of 9-100% EtOAc/PE) to afford 1.8 g (43%) of 2-(4-bromophenyl)-1-methyl-1,2-
dihydro-3H-pyrazol-3-one as an off-white solid and 1.5 g (35%) of 1-(4-bromophenyl)-5-

methoxy-1H-pyrazole as a yellow oil.

[00448] 2-(4-Bromophenyl)-1-methyl-1,2-dihydro-3H-pyrazol-3-one (Ry = 0.1 in 50%
EtOAc/PE): 'H NMR (300 MHz, CDs0OD) & 7.81 (d, J = 3.5 Hz, 1H), 7.77-7.68 (m, 2H), 7.38-
7.27 (m, 2H), 5.52 (d, J = 3.5 Hz, 1H), 3.30 (s, 3H). *C NMR (300 MHz, CD30D) & 167.8,
146.4, 133.8, 133.7, 129.2, 123.2, 96.2, 37.5. MS (ESI) m/z 253.0, 255.0 [M+H]*.

[00449] 1-(4-Bromophenyl)-5-methoxy-1H-pyrazole (R = 0.7 in 50% EtOAc/PE): '"H NMR
(400 MHz, CDs0D) ¢ 7.57 (d, J = 1.4 Hz, 4H), 7.50 (d, J = 2.0 Hz, 1H), 5.83 (d, J = 2.0 Hz,
1H), 3.96 (s, 3H). 3C NMR (400 MHz, CD30D) § 156.9, 140.0, 137.4, 131.7, 123.6, 119.5,
85.9, 58.4. MS (ESI) m/z 253.0, 255.0 [M+H]*.

Example 29. Intermediate B-116. 2-(4-(Aminomethyl)phenyl)-1-methyl-1,2-dihydro-3H-

pyrazol-3-one

oﬁ/\:\N\ e O/A/T,\N\

o N~

Zn(CN), N H,, Raney Ni
Pd(PPh3), NH3, MeOH
DMF
Step 2
Br Step 1 CN P H,N
B-114 B-116

Step 1. 4-(2-Methyl-5-0x0-2,5-dihydro-1H-pyrazol-1-yl)benzonitrile

[00450] 4-(2-Methyl-5-0x0-2,5-dihydro-1H-pyrazol-1-yl)benzonitrile was synthesized from
Intermediate B-114 as an off-white solid following Step 5 of Example 25. MS (ESI) m/z 200.1
[M+H]*.
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Step 2. 2-(4-(Aminomethyl)phenyl)-1-methyl-1,2-dihydro-3H-pyrazol-3-one

[00451] 2-(4-(Aminomethyl)phenyl)-1-methyl-1,2-dihydro-3H-pyrazol-3-one was obtained as
a yellow oil from 4-(2-methyl-5-0x0-2,5-dihydro-1H-pyrazol-1-yl)benzonitrile following Step 3
of Example 8. MS (ESI) m/z 203.7 [M+H]*.

Intermediate B-117: (4-(5-Methoxy-1H-pyrazol-1-yl)phenyl)methanamine

/
0
H,N )j
N\ —
C N
B-117

[00452] (4-(5-Methoxy-1H-pyrazol-1-yl)phenyl)methanamine was prepared from
Intermediate B-115 following Example 29. MS (ESI) m/z 203.7 [M+H]*.

Intermediate B-118, 1-(4-(1H-1,2,3-Triazol-1-yl)phenyl)ethan-1-one and Intermediate B-
119, 1-(4-(2H-1,2,3-triazol-2-yl)phenyl)ethan-1-one
— N=
Br Step1, f/\ 1
Ex. 5 N\N"N N\/N/>

(o) B — +

o) o)

B-118 B-119

[00453] 1-(4-(1H-1,2,3-triazol-1-yl)phenyl)ethan-1-one and 1-(4-(2H-1,2,3-triazol-2-
ylDphenyl)ethan-1-one were prepared according to Step 1 of Example 5 and separated by prep-
TLC (eluting with 1% to 50% EtOAc/PE).

[00454] 1-(4-(1H-1,2,3-Triazol-1-yl)phenyl)ethan-1-one (Rf = 0.2, EtOAc/PE = 1/1): 'H
NMR (400 MHz, CD30D) 6 8.66 (d, J = 1.20 Hz, 1H), 8.22-8.19 (m, 2H), 8.06-8.02 (m, 2H),
7.93 (d, J = 1.20 Hz, 1H), 2.66 (s, 3H). MS (ESI) m/z 188 [M+H]*.

[00455] 1-(4-(2H-1,2,3-Triazol-2-yl)phenyl)ethan-1-one (Rf = 0.7, EtOAc/PE = 1/1): 'H
NMR (400 MHz, CD3;0D) ¢ 8.23-8.20 (m, 2H), 8.17-8.14 (m, 2H), 7.99 (s, 2H), 2.65 (s, 3H).
MS (ESI) m/z 188 [M+H]*.
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Intermediate B-120: 1-(4-(1H-1,2,3-Triazol-1-yl)phenyl)ethan-1-amine

NI/>N r\ll/}N
>N Step 2-3, Ex. 5 >N
(o) HoN

B-118 B-120

[00456] 1-(4-(1H-1,2,3-Triazol-1-yl)phenyl)ethan-1-amine was prepared as an off-white solid
from Intermediate B-118 following Steps 2-3 of Example 5. MS (ESI) m/z 189 [M+H]*.

Intermediate B-121: 1-(4-(2H-1,2,3-Triazol-2-yl)phenyl)ethan-1-amine

> o
/4 /4
N-\ Step 2-3, Ex. 5 N-\

o H,N
B-119 B-121

[00457] 1-(4-(2H-1,2,3-Triazol-2-yl)phenyl)ethan-1-amine was prepared from Intermediate
B-119 following Steps 2-3 of Example 5. MS (ESI) m/z 189 [M+H]*

Intermediate B-122. 2-Bromo-1-methyl-4-nitro-1H-imidazole

HN'N NO,  NaH Mel N )-NO;
Br);}/ Br):N

DMF

B-122

[00458] A mixture of 2-bromo-4-nitro-1H-imidazole (10 g, 52.09 mmol) in DMF (100 mL)
was treated with portionwise addition of sodium hydride (60% dispersion in mineral oil, 2.53 g,
62.83 mmol) at 0 °C. The mixture was stirred for 30 min at room temperature, iodomethane
(8.93 g, 62.89 mmol) was added and the resulting solution was stirred 16 h at room temperature.
The reaction mixture was poured into ice/water (400 mL) and the resulting precipitate was
collected by filtration and dried under vacuum to afford 8.8 g (82%) of 2-bromo-1-methyl-4-
nitro-1H-imidazole as a white solid. MS (ESI) m/z 205.7, 207.7 [M+H]".
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Intermediate B-123. tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperidine-

1-carboxylate

o
BOCNQ\<N/\/N

B-123

[00459] tert-Butyl 4-(1-(4-(aminomethyl)phenyl)-1H-pyrazol-3-yl)piperidine-1-
carboxylate was prepared from 3-bromo-1H-pyrazole as a gray oil following Example 7. MS

(ESI) m/z 357 [M+H]*.
Intermediate B-124. [4-[S-methoxy-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenylJmethanamine

0O O

H e A

CF4
N NH, 2‘” ) Z0(CN), PAPPh)s :’://
cl NaOH, EtOH DMF. 80 °C
Br OH
Br

OH
Step 1 Step 2 NC

CF; CF;
N= N=
NaH, Mel i
ﬁ? Raney Ni, H, bll Y
DMF NH; in MeOH
Step 3 Step 4
B-124

Step 1. 1-(4-Bromophenyl)-3-(trifluoromethyl)-1H-pyrazol-5-ol

[00460] A mixture of (4-bromophenyl)hydrazine hydrochloride (7.4 g, 33.11 mmol),
EtOH (200 mL) and NaOH (1.35 g, 33.76 mmol) was stirred for 30 min at ambient temperature.
Methyl 4,4,4-trifluoro-3-oxobutanoate (6.89 g, 40.51 mmol) was added and the resulting solution
was stirred for 16 h at 90 °C. After cooling to ambient temperature, another batch of NaOH (2.70
g, 67.52 mmol) was added and the resulting mixture was stirred for additional 1 h at 90 °C. After
cooling to ambient temperature, water (200 mL) was added and the pH was carefully adjusted to
4-5 by the addition of 1M hydrochloric acid. The resulting solution was extracted with EtOAc (3

x 500 mL) and the organic layers were combined, dried over anhydrous sodium sulfate, filtered
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and concentrated under vacuum. The residue was purified by silica gel chromatography (eluting
with 1:7 EtOAc/PE) to afford 4.1 g (40%) of 1-(4-bromophenyl)-3-(trifluoromethyl)-1H-pyrazol-
5-ol as a yellow solid. MS (ESI) m/z 306.6, 308.6 [M+H]".

Step 2. 4-(5-Hydroxy-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile

[00461] 4-(5-Hydroxy-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile ~ was  prepared
from 1-(4-bromophenyl)-3-(trifluoromethyl)-1H-pyrazol-5-ol as a light red oil following Step 5
of Example 25. MS (ESI) m/z 253.6 [M+H]*.

Step 3. 4-[5-Methoxy-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzonitrile

[00462] Following conditions described in Example 9, 4-[5-methoxy-3-(trifluoromethyl)-
1H-pyrazol-1-yl]benzonitrile was obtained in 95% yield as a white solid. MS (ESI) m/z 268.1
[M+H]*.

Step 4. [4-[5-Methoxy-3-(trifluoromethyl)-1H-pyrazol-1-yl]phenylJmethanamine

[00463] Following Step 3 of Example 8, [4-[5-methoxy-3-(trifluoromethyl)-1H-pyrazol-1-
yl]phenyllmethanamine was obtained as a yellow oil. MS (ESI) m/z 255.1 [M+H-NH3]".

Intermediate B-125, [4-(3-Chloro-5-methyl-1H-pyrazol-1-yl)phenyl]methanamine and
Intermediate B-126, [4-(5-chloro-3-methyl-1H-pyrazol-1-yl)phenylJmethanamine

Cl
N= =
N/ N/
HZNVE:r HzNﬁ cl
B-125 B-126
[00464] Starting from 3-chloro-5-methyl-1H-pyrazole, a ~1:2 mixture of [4-(3-chloro-5-

methyl-1H-pyrazol-1-yl)phenyl]methanamine and [4-(5-chloro-3-methyl-1H-pyrazol-1-
yl)phenyllmethanamine was obtained as a yellow oil following Example 15. MS (ESI) m/z 221.9
[M+H]*.
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Intermediate B-127. [4-(3,5-Dimethyl-1H-pyrazol-1-yl)cyclohexyl]methanamine

o) "N
o] H o py TsOH
o)) e ri0 )] ﬁ{x )
o o Cs,CO3 N o

Step 1 Step 3
Step 2

__TosMIC N=
NC N \_<:>,
~ / —
t-BuOK

Step 5
Step 4
B-127
Step 1. 1,4-Dioxaspiro[4.5]decan-8-yl 4-methylbenzene-1-sulfonate
[00465] A mixture of 1,4-dioxaspiro[4.5]decan-8-ol (10 g, 63.21 mmol) and pyridine (150

mL) was treated dropwise with 4-methylbenzene-1-sulfonyl chloride (14.6 g, 76.58 mmol) at
ambient temperature and the resulting solution was stirred for 16 h. The reaction mixture was
poured into water (200 mL) and was extracted with EtOAc (3 x 100 mL). The organic layers
were combined, washed successively with 0.5 M hydrochloric acid (3 x 100 mL), 1M sodium
bicarbonate solution (100 mL) and brine (100 mL), then were dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
chromatography (eluting with 1/3 EtOAc/PE) to afford 14 g (71%) of 1,4-dioxaspiro[4.5]decan-
8-yl 4-methylbenzene-1-sulfonate as an off-white solid. MS (ESI) m/z 141.0 [M+H-TsOH]*.

Step 2. 1-[1,4-Dioxaspiro[4.5]decan-8-yl]-3,5-dimethyl-1H-pyrazole

[00466] A mixture of 1,4-dioxaspiro[4.5]decan-8-yl 4-methylbenzene-1-sulfonate (8 g,
25.61 mmol), 3,5-dimethyl-1H-pyrazole (9.75 g, 101.42 mmol), DMF (150 mL) and cesium
carbonate (17 g, 52.18 mmol) was stirred for 4 h at 100 °C. After cooling to ambient
temperature, the reaction mixture was diluted with water (300 mL) and was extracted with
EtOAc (3 x 200 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by silica gel chromatography
(eluting with 1/2 EtOAc/PE) to afford 2.5 g (41%) of 1-[1,4-dioxaspiro[4.5]decan-8-yl]-3,5-
dimethyl-1H-pyrazole as a yellow oil. MS (ESI) m/z 237.0 [M+H]*.
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Step 3. 4-(3,5-Dimethyl-1H-pyrazol-1-yl)cyclohexan-1-one

[00467] A mixture of 1-[1,4-dioxaspiro[4.5]decan-8-yl]-3,5-dimethyl-1H-pyrazole (2.36
g, 0.01 mol), acetone (30 mL), water (30 mL) and pyridinium p-toluenesulfonate (5.02 g, 0.02
mol) was stirred overnight at 65 °C. After cooling to ambient temperature, the reaction mixture
was poured into water (50 mL) and was extracted with EtOAc (3 x 100 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by silica gel chromatography (eluting with 0 to 40% EtOAc/PE) to
afford 1.1 g (57%) of 4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexan-1-one as a yellow oil. MS
(ESI) m/z 193.2 [M+H]*.

Step 4. 4-(3,5-Dimethyl-1H-pyrazol-1-yl)cyclohexane-1-carbonitrile

[00468] A mixture of 4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexan-1-one (1 g, 5.20
mmol), ethylene glycol dimethyl ether (30 mL) and p-toluenesulfonyl isocyanide (1.32 g, 6.76
mmol) was treated with portionwise addition of potassium ters-butoxide (1.34 g, 11.94 mmol) at
0 °C and was allowed to warm to ambient temperature. After 3 h the solution was poured into
water (150 mL) and was extracted with EtOAc (3 x 80 mL). The organic layers were combined,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel chromatography (eluting with 1/2 EtOAc/PE) to afford 600 mg (57%,
yellow oil) of 4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexane-1-carbonitrile as a mixture of cis

and trans isomers. MS (ESI) m/z 204.2 [M+H]*.
Step 5. [4-(3,5-Dimethyl-1H-pyrazol-1-yl)cyclohexylJmethanamine

[00469] Into a 100 mL round-bottom flask under nitrogen atmosphere 4-(3,5-dimethyl-
1H-pyrazol-1-yl)cyclohexane-1-carbonitrile (500 mg, 2.46 mmol) was treated with a solution of
borane in THF (1 M, 8 mL, 8.00 mmol) and the resulting solution was stirred at ambient
temperature. After 3 h, the reaction mixture was quenched by the addition of MeOH (20 mL)
and the resulting mixture was stirred for 30 min at ambient temperature and then was
concentrated under vacuum. The residue was purified by silica gel chromatography (eluting with
1/10 MeOH/DCM) to afford 320 mg (63%, yellow oil) of [4-(3,5-dimethyl-1H-pyrazol-1-
yl)cyclohexyl]methanamine as a mixture of cis and trans isomers. MS (ESI) m/z 208.2 [M+H]".
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Intermediate B-128. 1-(4-(1-Methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)phenyl)ethan-1-

amine
N CF3 i MeMgBr  HN N- CFs
NC—< >—</ ]/ >—< >—</ ]/
N ii. LAH N
/ /
B-21 B-128
[00470] Under nitrogen, a solution of Intermediate B-21 (500 mg, 1.99 mmol) and THF (5

mL) was treated with dropwise addition of a 1M solution of methyl magnesium bromide in THF
(4 mL, 4.00 mmol) at O °C. After addition was complete, the resulting mixture was stirred for 1 h
at 0 °C and 1 h at 60 °C. After cooling to 0 °C, a 1M solution of lithium aluminum hydride in
THF (4 mL, 4.00 mmol) was added and the resulting mixture was allowed to warm to ambient
temperature gradually and then stirred for 1 h at 60 °C. After cooling to ambient temperature, the
reaction was quenched by the addition of Na;SO410 H20 (1 g) and the resulting mixture was
filtered and concentrated under vacuum. The residue was purified by Cis-reversed phase silica
gel chromatography (eluting with 5% to 40% acetonitrile/water (0.05% TFA)) to afford 348 mg
(65%) of 1-[4-[1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl]phenyl]ethan-1-amine as a yellow
solid. MS (ESI) m/z 270.1 [M+H]*.

Intermediate B-129. [4-[1-Cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-

yllphenylJmethanamine

F5C F1C F3C
= [>—8(oH), = =\
N _NH N. N N N
Cu(OAc),, py "X/ Hy, Raney Ni,
2,2'-bipyridine NH3 in MeOH
DCE, 70 °C
Step 2
B-129
Step 1. 4-[1-Cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-yl]benzonitrile
[00471] In a 500 mL round-bottom flask a mixture of 4A molecular sieves 3 g2,

Intermediate B-20 (1 g, 4.22 mmol), copper(Il) acetate (2.3 g, 12.66 mmol), DCE (200 mL),
cyclopropylboronic acid (1.1 g, 12.81 mmol), pyridine (1.33 g, 16.81 mmol) and 2,2’-bipyridine
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(1.3 g, 8.32 mmol) was stirred for 16 h at 70 °C. After cooling to ambient temperature, the
reaction mixture was diluted with DCM (200 mL), filtered and concentrated under vacuum. The
residue was purified by silica gel chromatography (eluting with 0 to 30% EtOAc/PE) to afford
356 mg (30%) of 4-[1-cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-yl]benzonitrile as a
yellow solid. MS (ESI) m/z 278.1 [M+H]".

Step 2. [4-[1-Cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-yl]phenyl Jmethanamine

[00472] [4-[1-Cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-ylJphenylJmethanamine
was obtained as a yellow solid following Step 3 of Example 8. MS (ESI) m/z 282.3 [M+H]*

Intermediate B-130. 2-[2-[4-(Aminomethyl)phenyl]-4-(trifluoromethyl)-1H-imidazol-1-
yl]lethan-1-ol

CF, CFy FFa
N Br N N
l N HO >~ N | N H,, Raney Ni | b
N N & @ . N
H Cs,C05, DMF — NHs, MeOH \\\
Step 1 Step 2 2
B-20 B-130
[00473]

Step 1. 4-[1-(2-Hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl]benzonitrile

[00474] In a 100 mL round-bottom flask a mixture of Intermediate B-20 (400 mg, 1.69
mmol), DMF (5§ mL), cesium carbonate (1.1 g, 3.38 mmol) and 2-bromoethan-1-ol (232 mg, 1.86
mmol) was stirred for 16 h at 120 °C. After cooling to ambient temperature, the reaction mixture
was poured into water (10 mL) and then extracted with EtOAc (3 x 10 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by prep-TLC (eluting with 3:2 acetate/PE) to afford 150 mg (32%) of
4-[1-(2-hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl]benzonitrile as a yellow solid. MS
(ESI) m/z 282.1 [M+H]*.

Step 2. 2-[2-[4-(Aminomethyl)phenyl]-4-(trifluoromethyl)-1H-imidazol-1-yl]ethan-1-ol

[00475] 2-[2-[4-(aminomethyl)phenyl]-4-(trifluoromethyl)- 1H-imidazol-1-yl]ethan-1-ol
was obtained as a yellow solid following Step 3 of Example 8. MS (ESI) m/z 286.0 [M+H]*.
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Intermediate B-131: 2-Chloro-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one

\ CF3
N
Fﬁ\'&o { é
N / N N
= |
Cl
B-131

[00476] 2-Chloro-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one was synthesized as a white solid from Intermediate B-49 according
to Example 33. 'H NMR (300 MHz, CD30D) & 8.25 (s, 1H), 7.70-7.59 (m, 5H), 5.20 (s, 2H),
3.78 (s, 3H), 3.49 (s, 3H). MS (ESI) m/z 422.9 [M+H]".

Intermediate B-132: (4-(1-Methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-
yl)phenyl)methanamine hydrochloride

Br. F,C F,C
/N 3 3
HO.__OH )—CF3 =N =N
XPhos Pd G2 HCl
KsPO4 Step 2
NHBoc Step 1 HCl
NHBoc NH,
B-132

Step 1. tert-Butyl (4-(1-methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl)benzyl)carbamate

[00477] In a reaction vial under nitrogen, a mixture of 5-bromo-1-methyl-3-
(trifluoromethyl)-1H-1,2,4-triazole (0.2 M in dioxane, 150 pL, 30 pmol), (4-(((tert-
butoxycarbonyl)amino)methyl)phenyl)boronic acid (0.2 M in dioxane, 225 pl, 45 pmol),
potassium phosphate (0.2 M in water, 150 puL, 150 umol), XPhos Pd G2 (0.02 M in dioxane,
60.0 uL, 1.2 pmol) and XPhos (0.02 M in dioxane, 90 ul, 1.800 umol) was heated at 100°C for
45 min. After cooling to ambient temperature, the mixture was concentrated under a stream of
nitrogen and was partitioned between saturated sodium bicarbonate (600 uL) and EtOAc (600

ul). The organic layer was separated and combined with a second extract of EtOAc (600 uL)
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and the combined extracts were dried under a stream of nitrogen to afford ters-butyl (4-(1-
methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl)benzyl)carbamate.

Step 2: (4-(1-Methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl)phenyl) methanamine
hydrochloride

[00478] A  mixture of tert-butyl (4-(1-methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-
yl)benzyl)carbamate, dioxane (200 uL), MeOH (100 uL) and 4 M HCl/dioxane (75 ulL) was
heated at 50°C for 45 min, then was concentrated under a stream of nitrogen to afford crude (4-
(1-methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl)phenyl)methanamine hydrochloride.
Intermediate B-133. 2,6-dichloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one

’ CF
cl N-__© N‘§
/
Iat Ve
>:N
cl
B-133

[00479] 2,6-Dichloro-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one was prepared from Intermediate B-49 and 2,4,6-trichloro-5-

nitropyrimidine according to Example 18.
Example 30. Intermediate B-134. 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one

NHBoc

0o
NHBoc HNJ( \/Q HN//< \/Q
Ex. 35 N Ex. 36

Step 1 Step 2
H,N

B-134

245
139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

Step 1. tert-butyl (4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)carbamate

[00480] tert-Butyl (4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-
yDmethyl)phenyl)carbamate was synthesized from fert-butyl (4-(aminomethyl)phenyl)carbamate
following Example 35. MS (ESI) m/z 460.2 [M+H]*.

Step 2. 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one

[00481] 9-(4-Aminobenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one was
synthesized  from  fert-butyl  (4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
ylD)methyl)phenyl)carbamate following Example 36. MS (ESI) m/z 360.2 [M+H]*.

Intermediate B-135. 9-(4-(1H-1,2,3-Triazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one

TMS

oTf Vi 4
o o}
0
HN— ~ HN—
N HN N
(g( =—TMS KK(N KoCO4 (g(
X
N._N PA(PPhs)Cl, MeOH NN
Cul, TEA, MeCN 7 Step 2
70 °C
Step 1

B-78

Step 1. 2-(2-Isopropylphenyl)-9-(4-((trimethylsilyl)ethynyl)benzyl)-7,9-dihydro-8 H-purin-8-

one

[00482] In a flask purged and maintained under an inert atmosphere of nitrogen, a solution
of Intermediate B-78 (2 g, 4.06 mmol) in acetonitrile (80 mL), ethynyltrimethylsilane (1.99 g,
20.28 mmol), copper(I) iodide (773 mg, 4.06 mmol), triethylamine (2.05 g, 20.26 mmol) and
Pd(PPh3)>Cl> (285 mg, 0.41 mmol) was stirred for 16 h at 70 °C. After cooling to room
temperature, the reaction mixture was concentrated under vacuum and the residue was purified
by silica gel chromatography (eluting with 60/40 to 90/10 EtOAc/PE) to afford 150 mg (8.3%) of
2-(2-isopropylphenyl)-9-(4-((trimethylsilyl)ethynyl)benzyl)-7,9-dihydro-8 H-purin-8-one as a
yellow solid. MS (ESI) m/z 441.2 [M+H]*
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Step 2. 9-(4-Ethynylbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one

[00483] A solution of 2-(2-isopropylphenyl)-9-(4-((trimethylsilyl)ethynyl)benzyl)-7,9-
dihydro-8 H-purin-8-one (50 mg, 0.11 mmol) in MeOH (5 mL) and potassium carbonate (32 mg,
0.23 mmol) was stirred for 2 h at room temperature, then was concentrated under vacuum. The
residue was purified by prep-TLC (eluting with 1/20 MeOH/DCM) to afford 40 mg (91%) of 9-
(4-ethynylbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one as a white solid. MS (ESI)
m/z 369.2 [M+H]*

Example 31: 9-(4-(3,5-Dimethyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-1)

h\ “

R N N= N=
NN OZNA%: Y—cl N_/ N/
—N N02 Fe, NH4C| NH2

X X
DIEA, CH,CN, 0°C h H\(

THF/EtOH/ H,0 ||
80 °C N__N

" Y
H,N Step 1 cl Step 2 cl
-
N~ HO, »—:)\
N B N
o / N
CDlI HO KQ/ N
- . HNJ< \
Step 3 Kg(N Pd(dppf)Cly CH,Cly, KsCO4 ) N\F
| 1,4-dioxane, water, 110 °C N o
e :
cl Step 4 »

Step 1. 2-Chloro-N-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-5-nitropyrimidin-4-amine

[00484] A solution of (4-(3,5-dimethyl-1H-pyrazol-1-yl)phenyl)methanamine (300 mg,
1.49 mmol), 2,4-dichloro-5-nitropyrimidine (346 mg, 1.78 mmol), acetonitrile (10 mL) and
DIEA (384 mg, 2.97 mmol) was stirred for 1 h at 0 °C. The reaction mixture was concentrated
under reduced pressure and the residue was purified by silica gel chromatography (eluting with
1:1 EtOAc/PE) to afford 500 mg (93%) of 2-chloro-N-(4-(3,5-dimethyl-1H-pyrazol-1-
yl)benzyl)-5-nitropyrimidin-4-amine as a brown oil. MS (ESI) m/z 359 [M+H]*.
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Step 2. 2-Chloro-N*-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)pyrimidine-4,5-diamine

[00485] A mixture of 2-chloro-N-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-5-
nitropyrimidin-4-amine (500 mg, 1.39 mmol), iron powder (391 mg, 6.98 mmol), ammonium
chloride (223 mg, 4.17 mmol) and a 3:3:1 mixture of THF/EtOH/water (21 mL) was stirred for 1
h at 80 °C. After cooling to ambient temperature, the reaction mixture was filtered and
concentrated under vacuum to afford 400 mg (87%) of 2-chloro-N*-(4-(3,5-dimethyl-1H-
pyrazol-1-yl)benzyl)pyrimidine-4,5-diamine as a brown solid. MS (ESI) m/z 329 [M+H]*.

Step 3. 2-Chloro-9-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8 H-purin-8-one

[00486] A solution of 2-chloro-N*-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)pyrimidine-
4,5-diamine (400 mg, 1.22 mmol), CDI (790 mg, 4.87 mmol) and DCM (15 mL) was stirred for
16 h at ambient temperature. The reaction mixture was concentrated under vacuum and the
residue was purified by Cl8-reversed phase silica gel chromatography (eluting with 1:1
acetonitrile/water) to afford 400 mg (93%) of 2-chloro-9-(4-(3,5-dimethyl-1H-pyrazol-1-
yDbenzyl)-7,9-dihydro-8 H-purin-8-one as a yellow oil. MS (ESI) m/z 355 [M+H]*.

Step 4. 9-(4-(3,5-Dimethyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (I-1)

[00487] In a 50 mL round-bottom flask purged and maintained with an inert atmosphere
of nitrogen, a mixture of 2-chloro-9-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8 H-
purin-8-one (100 mg, 0.28 mmol), (2-isopropylphenyl)boronic acid (56 mg, 0.34 mmol),
Pd(dppf)Cl2-CH2CL> (23 mg, 0.028 mmol), potassium carbonate (78 mg, 0.56 mmol), 1,4-
dioxane (10 mL) and water (3 mL) was stirred at 110 °C for 3 h. After cooling to ambient
temperature, the mixture was concentrated under reduced pressure and purified by prep-TLC
(eluting with 1:1 EtOAc/petroleum). Additional purification by prep-HPLC to afforded 27.6 mg
(22%) of 9-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-
purin-8-one (I-1).
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Example 32: 2-(2-Isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-2)

CF3
CF;
(o] N\ N
N°X o’B o N
N
o) \ B-2 HN—(
HNJ{ N
&N Pd(dppf)Cl,CH,Cl, N
I K,COg 2
N\fN
Cl
B-49
[00488] In a flask purged and maintained with an inert atmosphere of nitrogen, a mixture

of Intermediate B-49 (100 mg, 0.24 mmol), Pd(dppf)ClCH2Cl2 (19.9 mg, 0.02 mmol),
potassium carbonate (101.4 mg, 0.73 mmol), water (I mL), Intermediate B-2 (72.5 mg, 0.29
mmol) and 1,4-dioxane (10 mL) was stirred at 100 °C for 16 h. After cooling to ambient
temperature, the reaction mixture was concentrated under vacuum and the residue was purified
by silica gel chromatography (eluting with 0-100% EtOAc/PE). Additional purification by prep-
HPLC afforded 19.1 mg (16%) of 2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-2) as a white solid.

[00489] Table 2 (General Procedure A). The compounds listed in Table 2 were
synthesized according to either Example 31 or Example 32 using the appropriate commercially-

available reagents and/or Intermediates described herein. Enantiomers, when generated, were

separated by chiral HPLC and absolute stereochemistries were arbitrarily assigned.

Table 2:
Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
I-1 m/z: "H NMR (400 MHz, CD30D) 6 9-(4-(3,5-dimethyl-1H-
439.18 8.32 (s, 1H), 7.59-7.56 (m, 2H), pyrazol-1-yl)benzyl)-2-(2-
[M+H]* 7.46-7.39 (m, SH), 7.28-7.24 (m, | isopropylphenyl)-7,9-dihydro-
Rt (min): 1H), 6.05 (s, 1H), 5.20 (s, 2H), 8H-purin-8-one
1.59 3.35-3.32 (m, 1H), 2.22 (d, J =
6.80 Hz, 6H), 1.16 (d, J = 6.80
Hz, 6H).
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name

I-2 m/z: "H NMR (400 MHz, CD30D) 6 2-(2-isopropylpyridin-3-yl)-9-

494.3928 8.60-8.53 (m, 1H), 8.39 (s, 1H), (4-(1-methyl-4-

[M+H]* 8.03-7.96 (m, 1H), 7.71-7.56 (m, | (trifluoromethyl)-1H-

Rt (min): 5H), 7.38-7.30 (m, 1H), 5.23 (s, imidazol-2-yl)benzyl)-7,9-

0.8967 2H), 3.76 (s, 3H), 3.64-3.51 (m, dihydro-8H-purin-8-one
1H), 1.23 (d, J = 6.8 Hz, 6H).

I-3 m/z: 9-(4-(2H-1,2,3-triazol-2-
413.2378 yl)benzyl)-2-(2-

[M+H]* 1sopropylpyridin-3-yl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.08

14 m/z: 9-(4-(2H-1,2,3-triazol-2-
437.1739 yl)benzyl)-2-(2-

[M+H]* (difluoromethoxy)pyridin-3-
Rt (min): y1)-7,9-dihydro-8H-purin-8-
1.32 one

I-5 m/z: 9-(4-(2H-1,2,3-triazol-2-
443.3482 yl)benzyl)-2-(2-

[M+H]* 1sobutoxypyridin-3-yl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.46

I-6 m/z: '"H-NMR (400MHz, DMSO-ds) 8 | 9-(4-(1H-pyrazol-1-
425.2801 8.60 (s, 1H), 8.46 (d, J = 2.8 Hz, | yl)benzyl)-2-(2-

[M+H]* 1H), 7.81-7.79 (m, 2H), 7.73-7.72 | isopropylphenyl)-7-methyl-
Rt (min): (m, 1H), 7.52-7.38 (m, SH), 7.28- | 7,9-dihydro-8H-purin-8-one
1.65 7.24 (m, 1H), 6.53 (t, J = 2.0 Hz,

1H), 5.11 (s, 2H), 3.46- 3.39 (m,

4H), 1.09 (d, J = 7.2 Hz, 6H).

I-7 m/z: '"H NMR (400MHz, DMSO-d¢) 8 | 9-(4-(1H-pyrazol-1-

426.255 8.63-8.59 (m, 2H), 8.46 (d, J = yDbenzyl)-2-(2-
[M+H]* 2.40 Hz, 1H), 7.96 (d, J = 7.60 isopropylpyridin-3-yl)-7-
Rt (min): Hz, 1H), 7.81 (d, J = 8.40 Hz, methyl-7,9-dihydro-8H-purin-
1.16 2H), 7.72 (s, 1H), 7.47 (d, J = 8-one
8.40 Hz, 2H), 7.33-7.30 (m, 1H),
6.53 (s, 1H), 5.12 (s, 2H), 3.65-
3.58 (m, 1H), 3.46 (s, 3H), 1.12
(d, J = 6.80 Hz, 6H).

I-8 m/z: '"H-NMR (400MHz, DMSO-ds) | 9-(4-(1H-pyrazol-1-
443.2182 8.60 (s, 1H), 8.45 (d, J = 2.4 Hz, | yl)benzyl)-2-(3-fluoro-2-
[M+H]* 1H), 7.81-7.78 (m, 2H), 7.72-7.72 | isopropylphenyl)-7-methyl-
Rt (min): (m, 1H), 7.47-7.44 (m, 2H), 7.31- | 7,9-dihydro-8H-purin-8-one
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
1.69 7.29 (m, 2H), 7.24-7.18 (m, 1H),
6.53- 6.52 (m, 1H), 5.10 (s, 2H),
3.46 (s, 3H), 3.32- 3.24 (m, 1H),
1.22- 1.19 (m, 6H).
I-9 m/z: '"HNMR (400 M Hz, DMSO-d¢) | 9-(4-(1H-pyrazol-1-
443.2182 0 8.61 (s, 1H), 8.56-8.56 (d, J = yl)benzyl)-2-(5-fluoro-2-
[M+H]* 2.4 Hz, 1H), 7.79-7.81 (m, 2H), 1sopropylphenyl)-7-methyl-
Rt (min): 7.72 (s, 1H), 7.45-7.48 (m, 3H), 7,9-dihydro-8H-purin-8-one
1.71 7.30-7.33 (m, 1H), 7.23-7.24 (m,
1H), 6.52-6.53 (m, 1H), 5.11 (s,
2H), 3.43-3.46 (s, 4H), 1.07-1.09
(m, 6H).
I-10 m/z: 'H NMR (300 MHz ,CD;0D) & 9-(4-(1H-pyrazol-1-
4432832 8.42 (s, 1H), 8.17-8.16 (m, 1H), yl)benzyl)-2-(4-fluoro-2-
[M+H]* 7.69-7.66 (m, 3H), 7.53-7.48 (m, | isopropylphenyl)-7-methyl-
Rt (min): 3H), 7.14-7.09 (m, 1H), 6.99- 7,9-dihydro-8H-purin-8-one
1.69 6.93 (m, 1H), 6.48-6.47 (m, 1H),
5.17 (s, 2H), 3.50 (s, 3H), 3.41-
3.32 (m, 1H), 1.12-1.08 (m, 6H).
I-11 m/z: 'H NMR (400 MHz, CD;0D) & 9-(4-(1H-pyrazol-1-
443.242 8.49 (s, 1H), 8.20 (d, J = 2.4 Hz, | yl)benzyl)-2-(2-fluoro-6-
[M+H]* 1H), 7.72-7.68 (m, 3H), 7.64-7.56 | isopropylphenyl)-7-methyl-
Rt (min): (m, 2H), 7.48-7.42 (m, 1H), 7.27- | 7,9-dihydro-8H-purin-8-one
1.59 7.25(d, J = 4.0 Hz, 1H), 7.07-
7.02 (m, 1H), 6.53 (t, J = 2.0 Hz,
1H), 5.21 (s, 2H), 3.56 (s, 3H),
2.74-2.67 (m, 1H), 1.14-1.10 (m,
6H).
I-12 | m/z: "H NMR (300 MHz, DMSO-d¢) 8 | 9-(4-(1H-pyrazol-1-
412.2168 11.63 (s, 1H), 8.59-8.57 (m, 1H), | yl)benzyl)-2-(2-
[M+H]* 8.45-8.42 (m, 2H), 7.97-7.94 (m, | isopropylpyridin-3-yl)-7,9-
Rt (min): 1H), 7.87-7.78 (m, 2H), 7.72-7.71 | dihydro-8H-purin-8-one
1.02 (m, 1H), 7.47-7.44 (m, 2H), 7.32-
7.28 (m, 1H), 6.52-6.52 (m, 1H),
5.07 (s, 2H), 3.67-3.59 (m, 1H),
1.13-1.11 (m, 6H).
I-13 m/z: '"H NMR (400 MHz, CD;0D) & (S)-9-(1-(4-(1H-pyrazol-1-
426.255 8.55-8.53 (m, 1H), 8.37 (s, 1H), yl)phenyl)ethyl)-2-(2-
[M+H]* 8.20 (s, 1H), 7.97-7.95 (m, 1H), isopropylpyridin-3-yl)-7,9-
Rt (min): 7.74-7.70 (m, 3H), 7.60 (d, J = dihydro-8H-purin-8-one
1.11 8.80 Hz, 2H), 7.35-7.30 (m, 1H),
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
6.51 (t, J = 2.00 Hz, 1H), 5.89-
5.83 (m, 1H), 3.59-3.52 (m, 1H),
2.08 (d, J = 7.20 Hz, 3H), 1.19-
1.12 (m, 6H).
14 | iz 'H NMR (400 MHz, CD;0D) 3 | (R)-9-(1-(4-(1H-pyrazol-1-

426.255 8.55 (t,J/ = 2.80 Hz, 1H), 8.36 (s, | yDphenyl)ethyl)-2-(2-
[M+H]* 1H), 8.19-8.18 (m, 1H), 7.97-7.94 | isopropylpyridin-3-yl)-7,9-
Rt (min): (m, 1H), 7.72-7.69 (m, 3H), 7.60 | dihydro-8H-purin-8-one
1.11 (d, J = 8.40 Hz, 2H), 7.35-7.32
(m, 1H), 6.50 (s, 1H), 5.89-5.84
(m, 1H), 3.59-3.52 (m, 1H), 2.07
(d,J=720Hz,3H), 1.17 (d, J =
6.80 Hz, 3H), 1.16 (d, J = 6.80

Hz, 3H).

I-15 m/z: 9-(4-(2H-1,2,3-triazol-2-
446.0951 yl)benzyl)-2-(4-fluoro-2-
[M+H]* isopropoxyphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.46

I-16 m/z: 9-(4-(2H-1,2,3-triazol-2-
418.131 yl)benzyl)-2-(3-fluoro-2-
[M+H]* methoxyphenyl)-7,9-dihydro-
Rt (min): 8H-purin-8-one
1.37

I-17 m/z: 9-(4-(1H-pyrazol-1-
426.2275 yl)benzyl)-2-(4-
[M+H]* 1sopropylpyridin-3-yl)-7-
Rt (min): methyl-7,9-dihydro-8H-purin-
1.14 8-one

I-18 m/z: '"H NMR (400 MHz, DMSO-d¢) 8 | 9-(4-(1H-pyrazol-1-

468.0558 11.56 (br s, 1H), 8.44-8.41 (m, ylbenzyl)-2-(2-(2,2,2-
[M+H]* 2H), 8.31-8.29 (m, 1H), 8.22-8.20 | trifluoroethoxy)pyridin-3-yl)-
Rt (min): (m, 1H), 7.80-7.78 (m, 2H), 7.72- | 7,9-dihydro-8H-purin-8-one
1.36 7.72 (m, 1H), 7.49-7.47 (m, 2H),
7.27-7.24 (m, 1H), 6.53-6.52 (m,
1H), 5.10-5.03 (m, 4H).

I-19 m/z: '"H NMR (400 MHz, DMSO-d¢) 8 | 9-(4-(1H-pyrazol-1-
414.0512 11.56 (s, 1H), 8.46 (s, 1H), 8.39 yl)benzyl)-2-(2-
[M+H]* (s, 1H), 8.24-8.23 (m, 1H), 8.02- ethoxypyridin-3-yl)-7,9-
Rt (min): 8.00 (m, 1H), 7.82-7.80 (m, 2H), dihydro-8H-purin-8-one
1.16 7.73 (s, 1H), 7.52-7.50 (m, 2H),
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
7.10-7.07 (m, 1H), 6.54-6.52 (m,
1H), 5.07 (s, 2H), 4.39-4.34 (m,
2H), 1.24-1.20 (m, 3H).
I-20 m/z: 9-(4-(1H-pyrazol-1-
443.0969 yl)benzyl)-2-(2-(2-
[M+H]* methoxyethoxy)phenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.02
I-21 m/z: 9-(4-(1H-pyrazol-1-
427.1365 yDbenzyl)-2-(2-
[M+H]* propoxyphenyl)-7,9-dihydro-
Rt (min): 8H-purin-8-one
1.24
I-22 m/z: 9-(4-(1H-pyrazol-1-
467.1015 yl)benzyl)-2-(2-(2,2,2-
[M+H]* trifluoroethoxy)phenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.36
I-23 m/z: 9-(4-(1H-pyrazol-1-
439.1226 yDbenzyl)-2-(2-
[M+H]* (cyclopropylmethoxy)phenyl)-
Rt (min): 7,9-dihydro-8H-purin-8-one
1.23
1-24 m/z: 9-((1R,2S)-2-(4-(1H-pyrazol-
508.1895 1-yl)phenyl)cyclobutyl)-2-(2-
[M+H]* (2,2,2-trifluoroethoxy)pyridin-
Rt (min): 3-yl)-7,9-dihydro-8H-purin-8-
1.62 one
I-25 m/z: 9-(4-(1H-pyrazol-1-
449.2674 yDbenzyl)-2-(2,2-
[M+H]* difluorobenzo[d][1,3]dioxol-
Rt (min): 4-y1)-7,9-dihydro-8H-purin-8-
1.5976 one
I-26 m/z: "H NMR (400 MHz, CD30D) § 9-(4-(1-methyl-4-
550.43 8.35 (s, 1H), 8.30-8.24 (m, 1H), (trifluoromethyl)-1H-
[M+H]* 8.20-8.13 (m, 1H), 7.70-7.57 (m, | imidazol-2-yl)benzyl)-2-(2-
Rt (min): 5H), 7.24-7.16 (m, 1H), 5.24 (s, (2,2,2-trifluoroethoxy)pyridin-
1.4417 2H), 5.01-4.89 (m, 2H), 3.75 (s, 3-y1)-7,9-dihydro-8H-purin-8-
3H). one
I-27 m/z: 9-(4-(1H-pyrazol-1-
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
397.321 yl)benzyl)-2-(2-ethylphenyl)-
[M+H]* 7,9-dihydro-8H-purin-8-one
Rt (min):
1.45
I-28 m/z: 9-(4-(1H-pyrazol-1-
413.3782 yl)benzyl)-2-(4-
[M+H]* 1sopropylpyrimidin-5-yl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.165
I-29 m/z: 9-(4-(1H-pyrazol-1-
422.3512 yl)benzyl)-2-(1-methyl-1H-
[M+H]* indol-7-yl)-7,9-dihydro-8H-
Rt (min): purin-8-one
1.3417
I-30 m/z: 492.4 | '"H NMR (400 MHz, DMSO-ds) 8 | 2-(2-cyclopropylpyridin-3-yl)-
[M+H]* 11.67 (ds, 1H), 8.46-8.45 (m, 9-(4-(1-methyl-4-
Rt (min): 2H), 8.03-7.98 (m, 1H), 7.92(s, (trifluoromethyl)-1H-
0.99 1H), 7.68 (d, J = 8.4 Hz, 2H), imidazol-2-yl)benzyl)-7,9-
7.48 (d, J = 8.0 Hz, 2H), 7.24- dihydro-8H-purin-8-one
7.20 (m, 1H), 5.13 (s, 2H), 3.75
(s, 3H), 2.79-2.76 (m, 1H), 0.98-
0.95 (m, 2H), 0.81-0.73 (m, 2H).
I-31 m/z: 501.4 | '"H NMR (400 MHz, DMSO-ds) & | 2-(2-(difluoromethyl)phenyl)-
[M+H]* 8.36 (s, 1H), 8.07 (d, J = 8.4 Hz, | 9-(4-(1-methyl-4-
Rt (min): 1H), 7.91 (s, 1H), 7.87-7.56 (m, (trifluoromethyl)-1H-
1.51 6H), 7.51-7.49 (m, 2H), 5.13 (s, imidazol-2-yl)benzyl)-7,9-
2H), 3.75 (s, 3H). dihydro-8H-purin-8-one
I-32 m/z: '"H NMR (400 MHz, CD30D) 6 2-(2-isopropylpyridin-3-yl)-9-
536.4523 8.59-8.58 (m, 1H), 8.40 (s, 1H), (4-(1-(oxetan-3-yl)-4-
[M+H]* 8.30 (s, 1H), 8.02-7.99 (m, 1H), (trifluoromethyl)-1H-
Rt (min): 7.61 (d, J = 8.0 Hz, 2H), 7.49 (d, | imidazol-2-yl)benzyl)-7,9-
0.8827 J=8.0Hz, 2H), 7.38-7.34 (m, dihydro-8H-purin-8-one
1H), 5.53-5.48 (m, 1H), 5.27 (s,
2H), 4.98-4.89 (m, 2H), 4.89-4.81
(m, 2H), 3.64-3.53 (m, 1H), 1.26
(d, J = 6.8 Hz, 6H).
I-33 m/z: '"H NMR (400 MHz, CD30D) & 2-(2-cyclopropylpyridin-3-yl)-
534.4369 8.45-8.44 (m, 1H), 8.43 (s, 1H), 9-(4-(1-(oxetan-3-yl)-4-
[M+H]* 8.36 (s, 1H), 7.99-7.96 (m, 1H), (trifluoromethyl)-1H-
Rt (min): 7.60 (d, J = 8.4 Hz, 2H), 7.46 (d, | imidazol-2-yl)benzyl)-7,9-
0.9483 J =8.4Hz, 2H), 7.25-7.23 (m, dihydro-8H-purin-8-one

139258290 v1
05/20/20

254



FOTH-026/01WO (314575-2221)

Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
1H), 5.53-5.45 (m, 1H), 5.24 (s,
2H), 4.98-4.93 (m, 2H), 4.83-4.79
(m, 2H), 2.64-2.53 (m, 1H), 1.05-
1.02 (m, 2H), 0.86-0.82 (m, 2H).
1-34 m/z: 506.4 | 'HNMR (400 MHz, CD;0D) § 9-(4-(1-methyl-4-

[M+H]* 8.26 (s, 1H), 7.64-7.61 (m, 5H), (trifluoromethyl)-1H-

Rt (min): 7.26 (d, J =7.8 Hz, 1H), 7.12 (d, | imidazol-2-yl)benzyl)-2-(1-

0.85 J=6.6Hz, 1H),6.74 (t, J =7.8 methylindolin-7-yl)-7,9-

Hz, 1H), 5.21 (s, 2H), 3.73 (s, dihydro-8H-purin-8-one
3H), 3.39-3.31 (m, 2H), 3.04-2.92
(m, 2H), 2.30 (s, 3H).

1-35 m/z: 2-(2-

518.38 (difluoromethoxy)pyridin-3-

[M+H]* y1)-9-(4-(1-methyl-4-

Rt (min): (trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one

1-36 m/z: 2-(2,2-

531.3816 difluorobenzo[d][1,3]dioxol-

[M+H]* 4-y1)-9-(4-(1-methyl-4-

Rt (min): (trifluoromethyl)-1H-

1.6125 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one

1-37 m/z: 9-(4-(1-methyl-4-

53541 (trifluoromethyl)-1H-

[M+H]* imidazol-2-yl)benzyl)-2-(2-

Rt (min): (trifluoromethoxy)phenyl)-
7,9-dihydro-8H-purin-8-one

1-38 m/z: 493.4 | "TH NMR (300 MHz, DMSO-de) & | 2-(2-acetylphenyl)-9-(4-(1-

[M+H]* 11.62 (br s, 1H), 8.38 (s, 1H), methyl-4-(trifluoromethyl)-

Rt (min): 8.14-8.11 (m, 1H), 7.93 (s, 1H), 1H-imidazol-2-yl)benzyl)-7,9-

0.96 7.72 (d, J = 8.4 Hz, 2H), 7.61- dihydro-8H-purin-8-one

7.43 (m, 4H), 7.40-7.37 (m, 1H),
5.11 (s, 2H), 3.77 (s, 3H), 2.25 (s,
3H).
I-39 m/z: '"H NMR (400 MHz, DMSO-d¢) & | 2-(2-isopropylpyridin-3-yl)-9-

494.4388 11.70 (br s, 1H), 8.58-8.55 (m, (4-(3-methyl-5-

[M+H]* 1H), 8.44 (s, 1H), 7.94-7.91 (m, (trifluoromethyl)-1H-pyrazol-

Rt (min): 1H), 7.49-7.41 (m, 4H), 7.29-7.24 | 1-yl)benzyl)-7,9-dihydro-8H-

1.12 (m, 1H), 6.91 (d, J = 2.0 Hz, 1H), | purin-8-one

5.14 (s, 2H), 3.63-3.55 (m, 1H),
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2.25 (s, 3H), 1.09 (d, J = 6.8 Hz,
6H).
I-40 m/z: '"H NMR (400 MHz, DMSO-d¢) & | 2-(2-isopropylpyridin-3-yl)-9-
494.3945 11.67 (br s, 1H), 8.58-8.56 (m, (4-(5-methyl-3-
[M+H]* 1H), 8.43 (d, J = 5.2 Hz, 1H), (trifluoromethyl)-1H-pyrazol-
Rt (min): 7.96-7.92 (m, 1H), 7.56-7.49 (m, 1-yl)benzyl)-7,9-dihydro-8H-
1.1567 4H), 7.29-7.26 (m, 1H), 6.73 (s, purin-8-one
1H), 5.13 (s, 2H), 3.65-3.58 (m,
1H), 2.30 (s, 3H), 1.11 (d, J =
6.80 Hz, 6H).
I-41 m/z: "H NMR (400 MHz, DMSO-d¢) § | 9-(4-(3-methyl-5-
550.4655 11.69 (br s, 1H), 8.40 (s, 1H), (trifluoromethyl)-1H-pyrazol-
[M+H]* 8.32-8.23 (m, 1H), 8.21-8.14 (m, | 1-yl)benzyl)-2-(2-(2,2,2-
Rt (min): 1H), 7.55-7.47 (m, 2H), 7.43-7.40 | trifluoroethoxy)pyridin-3-yl)-
1.6683 (m, 2H), 7.26-7.18 (m, 1H), 6.90 | 7,9-dihydro-8H-purin-8-one
(s, 1H), 5.11 (s, 2H), 5.07-4.96
(m, 2H), 2.25 (s, 3H).
1-42 m/z: "H NMR (400 MHz, DMSO-d¢) 8 | 9-(4-(5-methyl-3-
550.4572 11.64 (br s, 1H), 8.41 (s, 1H), (trifluoromethyl)-1H-pyrazol-
[M+H]* 8.31-8.24 (m, 1H), 8.24-8.15 (m, | 1-yl)benzyl)-2-(2-(2,2,2-
Rt (min): 1H), 7.55-7.50 (m, 4H), 7.27-7.19 | trifluoroethoxy)pyridin-3-yl)-
1.6917 (m, 1H), 6.72 (s, 1H), 5.12 (s, 7,9-dihydro-8H-purin-8-one
2H), 5.09-4.97 (m, 2H), 2.29 (s,
3H).
1-43 m/z: 538.5 2-(2-1sopropylpyridin-3-yl)-9-
[M+H]* (4-(1-(2-methoxyethyl)-4-
Rt (min): (trifluoromethyl)-1H-
0.9717 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
I-44 m/z: 2-(1-methyl-1H-indazol-7-yl)-
505.3749 9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-7,9-
1.3008 dihydro-8H-purin-8-one
1-45 m/z: 504.3 2-(1-methyl-1H-indol-7-y1)-9-
[M+H]* (4-(1-methyl-4-
Rt (min): (trifluoromethyl)-1H-
1.4459 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
1-46 m/z: 2-(2-isopropylpyridin-3-yl)-9-
426.3239 (4-(1-methyl-1H-pyrazol-3-

139258290 v1
05/20/20

256



FOTH-026/01WO (314575-2221)

Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
[M+H]* yl)benzyl)-7,9-dihydro-8H-
Rt (min): purin-8-one
0.8
1-47 m/z: 440.4 | 'HNMR (300 MHz, CD;0D) § 9-(4-(1,4-dimethyl-1H-
[M+H]* 8.57-8.50 (m, 1H), 8.33 (s, 1H), pyrazol-3-yl)benzyl)-2-(2-
Rt (min): 7.97-7.93 (m, 1H), 7.55 (d, J = 1sopropylpyridin-3-yl)-7,9-
0.8692 8.40 Hz, 2H), 7.44 (d, J = 8.10 dihydro-8H-purin-8-one
Hz, 2H), 7.37 (s, 1H), 7.33-7.28
(m, 1H), 5.15 (s, 2H), 3.81 (s,
3H), 3.57-3.48 (m, 1H), 2.13 (s,
3H), 1.17 (d, J = 6.90 Hz, 6H).
1-48 m/z: 2-(2-
532.4562 (difluoromethoxy)pyridin-3-
[M+H]* yl)-7-methyl-9-(4-(1-methyl-
Rt (min): 4-(trifluoromethyl)-1H-
1.4734 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
1-49 m/z: 7-methyl-9-(4-(1-methyl-4-
549.39 (trifluoromethyl)-1H-
[M+H]* imidazol-2-yl)benzyl)-2-(2-
Rt (min): (trifluoromethoxy)phenyl)-
1.6917 7,9-dihydro-8H-purin-8-one
I-50 m/z: 564.4 7-methyl-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-2-(2-
1.5976 (2,2,2-trifluoroethoxy)pyridin-
3-y1)-7,9-dihydro-8H-purin-8-
one
I-51 m/z: '"H NMR (300MHz, CDCl3) & 2-(2-isopropylpyridin-3-yl)-9-
520.459 11.43 (brs, 1H), 8.57 (d, J =4.7 (1-(4-(1-methyl-4-
[M+H]* Hz, 1H), 8.23 (s, 1H), 7.89 (d, J = | (trifluoromethyl)-1H-
Rt (min): 7.6 Hz, 1H), 7.62 (d, J = 8.5 Hz, imidazol-2-
0.9636 2H), 7.33 -7.23 (m, 3H), 7.17 - yl)phenyl)cyclopropyl)-7,9-
7.12 (m, 1H), 3.70 (s, 3H), 3.66 - | dihydro-8H-purin-8-one
3.61 (m, 1H), 3.61 - 3.51 (m, 1H),
1.75 (br s, 2H), 1.61 (br s, 2H),
1.19 (d, J = 6.4 Hz, 6H)
I-52 m/z: "H NMR (400 MHz, DMSO-d¢) 8 | 9-(4-(3-chloro-5-methyl-1H-
460.3201 11.65 (s, 1H), 8.58-8.57 (m,1H), pyrazol-1-yl)benzyl)-2-(2-
[M+H]* 8.42 (s, 1H), 7.95-7.93 (m, 1H), isopropylpyridin-3-yl)-7,9-
Rt (min): 7.50-7.45 (m, 4H), 7.30-7.27 dihydro-8H-purin-8-one
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1.031 (m,1H), 6.35 (s, 1H), 5.10 (s, 2H),
3.64-3.58 (m, 1H), 2.31-2.26
(m,3H), 1.11 (d, J = 6.80 Hz,
6H).
I-53 m/z: 'H NMR (400 MHz, CD;0D) & 9-(4-(5-chloro-3-methyl-1H-
460.3201 8.58-8.54 (m, 1H), 8.38 (s, 1H), pyrazol-1-yl)benzyl)-2-(2-
[M+H]* 8.01-7.97 (m, 1H), 7.63-7.55 (m, | isopropylpyridin-3-yl)-7,9-
Rt (min): 2H), 7.53-7.46 (m, 2H), 7.36-7.31 | dihydro-8H-purin-8-one
1.0175 (m, 1H), 6.32 (s, 1H), 5.22 (s,
2H), 3.60-3.51 (m, 1H), 2.26 (s,
3H), 1.21 (d, J = 6.80 Hz, 6H).
I-54 m/z: 2-(2-isopropylpyridin-3-yl)-9-
425.3419 (4-(2-methyl-1H-pyrrol-1-
[M+H]* yl)benzyl)-7,9-dihydro-8H-
Rt (min): purin-8-one
1.1255
I-55 m/z: 509.4 | 'THNMR (400 MHz, DMSO-ds) 6 | (R)-2-(2-(1-
[M+H]* 8.39 (s, 1H), 7.60-7.50 (m, 4H), methoxyethyl)phenyl)-9-(4-
Rt (min): 7.48-7.41 (m, 3H), 7.39-7.36 (m, | (1-methyl-4-(trifluoromethyl)-
1.4357 1H), 7.28-7.22 (m, 1H), 5.27 (s, 1H-imidazol-2-yl)benzyl)-7,9-
2H), 4.86-4.84 (m, 1H), 3.78 (s, dihydro-8H-purin-8-one
3H), 3.05 (s, 3H),1.40 (d, J =
6.30 Hz, 3H).
I-56 m/z: 509.4 | '"HNMR (400 MHz, DMSO-de) & | (S)-2-(2-(1-
[M+H]* 8.39 (s, 1H), 7.60-7.50 (m, 4H), methoxyethyl)phenyl)-9-(4-
Rt (min): 7.48-7.41 (m, 3H), 7.39-7.36 (m, | (1-methyl-4-(trifluoromethyl)-
1.4434 1H), 7.28-7.22 (m, 1H), 5.27 (s, 1H-imidazol-2-yl)benzyl)-7,9-
2H), 4.86-4.84 (m, 1H), 3.78 (s, dihydro-8H-purin-8-one
3H), 3.05 (s, 3H),1.40 (d, J =
6.30 Hz, 3H).
I-57 m/z: '"H NMR (400 MHz, DMSO-ds) 8 | 2-(2-fluoropyridin-3-yl)-9-(4-
470.3325 11.70 (s, 1H), 8.56-8.53 (m, 1H), | (1-methyl-4-(trifluoromethyl)-
[M+H]* 8.45 (s, 1H), 8.33 (d, J = 8.00 Hz, | 1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1H), 7.91 (s, 1H), 7.70 (d, J = dihydro-8H-purin-8-one
1.2469 8.40 Hz, 2H), 7.56-7.49 (m, 3H),
5.14 (s, 2H), 3.76 (s, 3H).
I-58 m/z: 9-(4-(3-(difluoromethyl)-5-
476.3789 methyl-1H-pyrazol-1-
[M+H]* yl)benzyl)-2-(2-
Rt (min): 1sopropylpyridin-3-yl)-7,9-
1.0417 dihydro-8H-purin-8-one
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1-59 m/z: "H NMR (300 MHz, CD30D) § 9-(4-(3-fluoro-1H-pyrazol-1-
430.3479 8.62-8.53 (m, 1H), 8.39 (s, 1H), yDbenzyl)-2-(2-
[M+H]* 8.16-8.08 (m, 1H), 8.05-7.95 (m, | isopropylpyridin-3-yl)-7,9-
Rt (min): 'H), 7.67 (d, J = 8.70 Hz, 2H), dihydro-8H-purin-8-one
0.9717 7.55 (d, J = 8.70 Hz, 2H), 7.41-
7.30 (m, 1H), 6.17-6.08 (m, 1H),
5.19 (s, 2H), 3.65-3.49 (m, 1H),
1.22 (d, J = 6.60 Hz, 6H).
I-60 m/z: '"H NMR (300 MHz, DMSO-d¢) & | 2-(2-isopropylpyridin-3-yl)-9-
510.3818 8.61-8.59 (m, 1H), 8.44 (s, 1H), (4-(5-methoxy-3-
[M+H]* 7.98-7.95 (m, 1H), 7.64-7.61 (trifluoromethyl)-1H-pyrazol-
Rt (min): (m,2H), 7.51-7.48 (m, 2H), 7.33- | 1-yl)benzyl)-7,9-dihydro-8H-
1.1794 7.29 (m,1H),6.47 (s, 1H), 5.11 (s, | purin-8-one
2H), 3.98 (s, 3H), 3.68-3.59(m,
1H), 1.13 (d, J = 6.60 Hz ,6H).
I-61 m/z: 2-(2-ethylpyridin-3-yl)-7-
494.3882 methyl-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-7,9-
0.8692 dihydro-8H-purin-8-one
1-62 m/z: 7-methyl-9-(4-(1-methyl-4-
480.3448 (trifluoromethyl)-1H-
[M+H]* imidazol-2-yl)benzyl)-2-(2-
Rt (min): methylpyridin-3-yl)-7,9-
0.8018 dihydro-8H-purin-8-one
I-63 m/z: 2-(2-1sopropylphenyl)-7-
507.4219 methyl-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-7,9-
1.692 dihydro-8H-purin-8-one
1-64 m/z: 2-(2-(difluoromethyl)pyridin-
502.3257 3-yD)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-7,9-
1.2467 dihydro-8H-purin-8-one
I-65 m/z: 2-(3-fluoro-2-
525.4348 1sopropylphenyl)-7-methyl-9-
[M+H]* (4-(1-methyl-4-
Rt (min): (trifluoromethyl)-1H-
1.7325 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
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1-66 m/z: 2-(6-fluoro-2-methylpyridin-
498.3541 3-yl)-7-methyl-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-
Rt (min): 1H-imidazol-2-yl)benzyl)-7,9-
1.4357 dihydro-8H-purin-8-one
1-67 m/z: '"H NMR (300 MHz, CD30D) § 2-(5-fluoro-2-
512.3322 8.50-8.49 (m, 1H), 8.42 (s, 1H), 1sopropylpyridin-3-yl)-9-(4-
[M+H]* 7.85-7.81 (m, 1H), 7.70-7.60 (m, | (1-methyl-4-(trifluoromethyl)-
Rt (min): 5H), 5.26 (s, 2H), 3.78 (s, 3H), 1H-imidazol-2-yl)benzyl)-7,9-
1.4762 3.73-3.64 (m, 1H), 1.23 (d, J = dihydro-8H-purin-8-one
6.60 Hz, 6H).
I-68 m/z: 481.4 | "H NMR (300 MHz, DMSO-de) 6 | 9-(4-(3-(azetidin-1-yl)-5-
[M+H]* 11.65 (br s, 1H), 8.61-8.59 (m, methyl-1H-pyrazol-1-
Rt (min): 1H), 8.44 (s, 1H), 7.98-7.95 (m, yl)benzyl)-2-(2-
0.8422 1H), 7.43 (s, 4H), 7.33-7.29 (m, 1sopropylpyridin-3-yl)-7,9-
1H), 5.57 (s, 1H), 5.08 (s, 2H), dihydro-8H-purin-8-one
3.78-3.73 (m, 4H), 3.70-3.54 (m,
1H), 2.28-2.21 (m, 5H), 1.21-1.16
(m, 6H).
1-69 m/z: '"H NMR (300 MHz, CD30D) § 2-(5-fluoro-2-
526.3755 8.54 (s, 1H), 8.50-8.49 (m, 1H), 1sopropylpyridin-3-yl)-7-
[M+H]* 7.86-7.81 (m, 1H), 7.70-7.60 (m, | methyl-9-(4-(1-methyl-4-
Rt (min): 5H), 5.28 (s, 2H), 3.77 (s, 3H), (trifluoromethyl)-1H-
1.5976 3.71-3.66 (m, 1H), 3.57 (s, 3H), imidazol-2-yl)benzyl)-7,9-
1.22 (d, J = 6.60 Hz, 6H). dihydro-8H-purin-8-one
I-70 m/z: 2-(2-cyclopropylphenyl)-7-
505.4407 methyl-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-7,9-
1.6111 dihydro-8H-purin-8-one
I-71 m/z: '"H NMR (300 MHz, CD30D) 6 2-(2-cyclopropylpyridin-3-yl)-
506.447 8.53 (s, 1H), 8.46-8.44 (m, 1H), 7-methyl-9-(4-(1-methyl-4-
[M+H]* 8.03-8.00 (m, 1H), 7.70 (s, 1H), (trifluoromethyl)-1H-
Rt (min): 7.67-7.61 (m, 4H), 7.28-7.24 (m, | imidazol-2-yl)benzyl)-7,9-
1.0983 1H), 5.29 (s, 2H), 3.77 (s, 3H), dihydro-8H-purin-8-one
3.57 (s, 3H), 2.68-2.59 (m, 1H),
1.08-1.03 (m, 2H), 0.88-0.84 (m,
2H).
I-72 m/z: 2-(2-(difluoromethyl)pyridin-
516.3631 3-yl)-7-methyl-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-
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Rt (min): 1H-imidazol-2-yl)benzyl)-7,9-
1.3359 dihydro-8H-purin-8-one
I-73 m/z: 496.4 2-(6-methoxy-2-
[M+H]* methylpyridin-3-yl)-9-(4-(1-
Rt (min): methyl-4-(trifluoromethyl)-
1.3412 1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
1-74 m/z: 528.5 2-(2-fluoro-6-
[M+H]* isopropoxypyridin-3-yl)-9-(4-
Rt (min): (1-methyl-4-(trifluoromethyl)-
1.6245 1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
I-75 m/z: 500.4 2-(2-fluoro-6-methoxypyridin-
[M+H]* 3-yD)-9-(4-(1-methyl-4-
Rt (min): (trifluoromethyl)-1H-
1.4117 imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one
I-76 m/z: '"H NMR (400 MHz, CD30D) 6 9-(4-(1-cyclopropyl-4-
520.394 8.59 -8.52 (m, 1H), 8.39 (s, 1H), (trifluoromethyl)-1H-
[M+H]* 8.03-7.95 (m, 1H), 7.84-7.76 (m, | imidazol-2-yl)benzyl)-2-(2-
Rt (min): 2H), 7.74-7.68 (m, 1H), 7.61-7.54 | isopropylpyridin-3-yl)-7,9-
1.07 (m, 2H), 7.37-7.29 (m, 1H), 5.23 dihydro-8H-purin-8-one
(s, 2H), 3.68-3.53 (m, 2H), 1.23
(d, J = 6.80 Hz, 6H), 1.05-0.93
(m, 2H), 0.89-0.80 (m, 2H).
I-77 m/z: "H NMR (400 MHz, DMSO-d¢) 8 | 2-(2-isopropylpyridin-3-yl)-9-
565.5124 9.04 (br s, 1H), 8.57-8.55 (m, (4-(5-morpholino-3-
[M+H]* 1H), 8.42 (s, 1H), 7.94-7.92 (m, (trifluoromethyl)-1H-pyrazol-
Rt (min): 1H), 7.76-7.68 (m, 2H), 7.52-7.45 | 1-yl)benzyl)-7,9-dihydro-8H-
1.166 (m, 2H), 7.28-7.26 (m, 1H), 6.50 | purin-8-one
(s, 1H), 5.10 (s, 2H), 3.68-3.52
(m, 5H), 2.87-2.76 (m, 4H), 1.11
(d, J = 6.80 Hz, 6H).
I-78 m/z: 456.3 | 'HNMR (300 MHz, DMSO-ds) 8 | 2-(2-isopropylpyridin-3-yl1)-9-
[M+H]* 8.61-8.59 (m, 1H), 8.42(s, 1H), (4-(3-methoxy-5-methyl-1H-
Rt (min): 7.98-7.95 (m, 1H), 7.59 (d, J = pyrazol-1-yl)benzyl)-7,9-
0.8827 8.40 Hz, 2H), 7.41 (d, J = 8.40 dihydro-8H-purin-8-one
Hz, 2H), 7.33-7.29 (m, 1H), 5.71
(s, 1H), 5.06 (s, 2H), 3.88 (s, 3H),
3.67-3.36 (m, 1H), 2.15 (s, 3H),
1.14 (d, J = 6.60 Hz, 6H).
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I-79 m/z: "H NMR (300 MHz, CD30D) 6 (R)-2-(2-isopropylpyridin-3-
508.3033 8.54-8.52 (m, 1H), 8.34 (s, 1H), y1)-9-(1-(4-(1-methyl-4-
[M+H]* 7.99-7.89 (m, 1H), 7.69-7.55 (m, | (trifluoromethyl)-1H-
Rt (min): 5H), 7.36-7.25 (m, 1H), 5.93-5.79 | imidazol-2-yl)phenyl)ethyl)-
0.9906 (m, 1H), 3.72 (s, 3H), 3.66-3.51 7,9-dihydro-8H-purin-8-one
(m, 1H), 2.08 (d, J = 7.50 Hz,
3H), 1.25-1.12 (m, 6H).
1-80 m/z: '"H NMR (300 MHz, CD30D) & (S)-2-(2-isopropylpyridin-3-
508.3517 8.62-8.53 (m, 1H), 8.39 (s, 1H), y1)-9-(1-(4-(1-methyl-4-
[M+H]* 8.04-7.94 (m, 1H), 7.74-7.61 (m, | (trifluoromethyl)-1H-
Rt (min): SH), 7.41-7.30 (m, 1H), 5.99-5.85 | imidazol-2-yl)phenyl)ethyl)-
0.9906 (m, 1H), 3.77 (s, 3H), 3.72-3.56 7,9-dihydro-8H-purin-8-one
(m, 1H), 2.13 (d, J = 7.50 Hz,
3H), 1.30-1.17 (m, 6H).
I-81 m/z: '"H NMR (400 MHz, CD30D) & 2-(2-isopropylpyridin-3-yl)-9-
497.1921 8.57-8.54 (m, 1H), 8.38 (s, 1H), (4-(1-(methyl-d3)-4-
[M+H]* 8.01-7.97 (m, 1H), 7.68-7.57 (m, | (trifluoromethyl)-1H-
Rt (min): 5H), 7.35-7.32 (m, 1H), 5.23 (s, imidazol-2-yl)benzyl)-7,9-
0.9096 2H), 3.61-3.54 (m, 1H), 1.23 (d, J | dihydro-8H-purin-8-one
= 6.80 Hz, 6H).
1-82 m/z: '"H NMR (400 MHz, CD30D) § 9-(3,5-difluoro-4-(1-methyl-4-
530.2242 8.57-8.55 (m, 1H), 8.40 (s, 1H), (trifluoromethyl)-1H-
[M+H]* 8.03-7.98 (m, 1H), 7.82 (d, J = imidazol-2-yl)benzyl)-2-(2-
Rt (min): 4.80 Hz, 1H), 7.36-7.26 (m, 3H), | isopropylpyridin-3-yl)-7,9-
0.977 5.24 (s, 2H), 3.64-3.52 (m, 4H), dihydro-8H-purin-8-one
1.24 (d, J = 6.80 Hz, 6H).
1-83 m/z: 'H NMR (300 MHz, DMSO-d6) 9-(3-fluoro-4-(1-methyl-4-
512.1745 6 11.65 (s, 1H), 8.60-8.57 (m, (trifluoromethyl)-1H-
[M+H]* 1H), 8.44 (s, 1H), 7.99-7.93 (m, imidazol-2-yl)benzyl)-2-(2-
Rt (min): 2H), 7.58 (t, J = 7.80 Hz, 1H), 1sopropylpyridin-3-yl)-7,9-
0.9475 7.41-7.37 (m, 1H), 7.32-7.27 (m, | dihydro-8H-purin-8-one
2H), 5.15 (s, 2H), 3.65-3.57 (m,
4H), 1.13 (d, J = 6.60 Hz, 6H).
1-84 m/z: '"H NMR (400 MHz, CD;0D) & 9-(2-fluoro-4-(1-methyl-4-
512.2395 8.58-8.55 (m, 1H), 8.42 (s, 1H), (trifluoromethyl)-1H-
[M+H]* 8.02-7.99 (m, 1H), 7.72-7.70 (m, | imidazol-2-yl)benzyl)-2-(2-
Rt (min): 1H), 7.54-7.46 (m, 3H), 7.36-7.32 | isopropylpyridin-3-yl)-7,9-
0.9636 (m, 1H), 5.30 (s, 2H), 3.80 (s, dihydro-8H-purin-8-one
3H), 3.63-3.55 (m, 1H), 1.21 (d, J
= 6.80 Hz, 6H).
1-85 m/z: "H NMR (300 MHz, DMSO-de) 8 | 9-(2,6-difluoro-4-(1-methyl-4-
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
530.246 8.54-8.50 (m, 1H), 8.12-8.10 (m, | (trifluoromethyl)-1H-
[M+H]* 1H), 7.98 (s, 1H), 7.89-7.86 (m, imidazol-2-yl)benzyl)-2-(2-
Rt (min): 1H), 7.45-7.41 (m, 2H), 7.25-7.21 | isopropylpyridin-3-yl)-7,9-
0.99 (m, 1H), 5.09 (s, 2H), 3.89-3.75 dihydro-8H-purin-8-one
(m, 1H), 3.80 (s, 3H), 1.12 (d, J =
6.60 Hz, 6H).
1-86 m/z: 9-(4-(1-methyl-4-
513.2146 (trifluoromethyl)-1H-
[M+H]* imidazol-2-yl)benzyl)-2-(2-
Rt (min): (methylsulfinyl)phenyl)-7,9-
1.1783 dihydro-8H-purin-8-one
1-87 m/z: 476.2 9-(4-(4-(difluoromethyl)-1-
[M+H]* methyl-1H-imidazol-2-
Rt (min): yl)benzyl)-2-(2-
0.7208 1sopropylpyridin-3-yl)-7,9-
dihydro-8H-purin-8-one
1-88 m/z: 2-(2-
454.125 (difluoromethoxy)pyridin-3-
[M+H]* y1)-9-(4-(3-fluoro-1H-pyrazol-
Rt (min): 1-yl)benzyl)-7,9-dihydro-8H-
1.4342 purin-8-one
1-89 m/z: 2-(2-
453.15 (difluoromethoxy)phenyl)-9-
[M+H]* (4-(3-fluoro-1H-pyrazol-1-
Rt (min): yl)benzyl)-7,9-dihydro-8H-
1.5166 purin-8-one
1-90 m/z: '"H NMR (300 MHz, CD;0D) & 2-(2-(dimethylamino)phenyl)-
494.4512 8.31 (s, 1H), 7.65 (s, 5SH), 7.51- 9-(4-(1-methyl-4-
[M+H]* 7.30 (m, 2H), 7.17-7.07 (m, 1H), | (trifluoromethyl)-1H-
Rt (min): 7.02-6.96 (m, 1H), 5.23 (s, 2H), imidazol-2-yl)benzyl)-7,9-
0.8287 3.76 (s, 3H), 2.57 (s, 6H). dihydro-8H-purin-8-one
I-91 m/z: '"H NMR (400 MHz, CD;0D) & 9-(4-(1H-pyrazol-1-
425.1473 8.29 (s, 1H), 8.19 (s, 1H), 7.71- yl)benzyl)-2-(2-isopropyl-3-
[M+H]* 7.68 (m, 3H), 7.54-7.51 (m, 2H), | methylphenyl)-7,9-dihydro-
Rt (min): 7.23-7.20 (m, 1H), 7.16-7.09 (m, | 8H-purin-8-one
1.51 2H), 6.51-6.50 (m, 1H), 5.16 (s,
2H), 3.19-3.11 (m, 1H), 2.46 (s,
3H), 1.11-1.09 (m, 6H).
1-92 m/z: 9-(4-(1H-pyrazol-1-
441.1345 yl)benzyl)-2-(2-isopropyl-3-
[M+H]* methoxyphenyl)-7,9-dihydro-
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Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
Rt (min): 8H-purin-8-one
1.5
1-93 m/z: "H NMR (300 MHz, DMSO-d¢) 8 | 9-(4-(1H-pyrazol-1-
445.0988 11.63 (s, 1H), 8.44 (d, J = 2.4 Hz, | yl)benzyl)-2-(3-chloro-2-
[M+H]* 1H), 8.39 (s, 1H), 7.80-7.77 (m, isopropylphenyl)-7,9-dihydro-
Rt (min): 2H), 7.72 (s, 1H), 7.53-7.41 (m, 8H-purin-8-one
1.66 3H), 7.33-7.24 (m, 2H), 6.53-6.52
(m, 1H), 5.06 (s, 2H), 3.42-3.32
(m, 1H), 1.30-1.15 (m, 6H).
1-94 m/z: 9-(4-(1H-pyrazol-1-
409.3484 yDbenzyl)-2-(2-
[M+H]* cyclopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.4233
1-95 m/z: 9-(4-(1H-pyrazol-1-
443.286 yl)benzyl)-2-(5-chloro-2-
[M+H]* cyclopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.6417
1-96 m/z: '"H NMR (400 MHz, CD30D) 6 9-(4-(1H-pyrazol-1-
429.308 8.33 (s, 1H), 8.19 (d, J = 2.8 Hz, | yl)benzyl)-2-(2-fluoro-6-
[M+H]* 1H), 7.73-7.65 (m, 3H), 7.59-7.50 | isopropylphenyl)-7,9-dihydro-
Rt (min): (m, 2H), 7.43 (m, 1H), 7.25-7.22 | 8H-purin-8-one
1.4897 (m, 1H), 7.02-6.99 (m, 1H), 6.50-
6.49 (m, 1H), 5.17 (s, 2H), 2.68
(m, 1H), 1.09 (d, J = 6.8 Hz, 6H).
1-97 m/z: 9-(4-(1H-pyrazol-1-
477.3542 yl)benzyl)-2-(2-cyclopropyl-
[M+H]* 5-(trifluoromethyl)phenyl)-
Rt (min): 7,9-dihydro-8H-purin-8-one
1.6867
1-98 m/z: 491.4 | '"HNMR (400 MHz, CD;0D) & 2-(2-cyclopropylphenyl)-9-(4-
[M+H]* 8.36 (s, 1H), 7.73-7.51 (m, 6H), (1-methyl-4-(trifluoromethyl)-
Rt (min): 7.41-7.32 (m, 1H), 7.31-7.23 (m, | 1H-imidazol-2-yl)benzyl)-7,9-
1.485 1H), 7.15-7.08 (m, 1H), 5.25 (s, dihydro-8H-purin-8-one
2H), 3.77 (s, 3H), 2.33-2.21 (m,
1H), 0.71-0.61 (m, 2H), 0.59-0.47
(m, 2H).
1-99 m/z: "H NMR (300 MHz, CDCl3) & ethyl 1-(4-((2-(2-
495.4426 9.31 (brs, 1H), 8.38 (s, 1H), 7.67- | cyclopropylphenyl)-8-oxo-
[M+H]* 7.62 (m, 3H), 7.39-7.23 (m, 4H), | 7,8-dihydro-9H-purin-9-

139258290 v1
05/20/20

264



FOTH-026/01WO (314575-2221)

Cl‘::)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
Rt (min): 7.09-7.06 (m, 1H), 6.80 (s, 1H), yl)methyl)phenyl)-3-methyl-
1.63 5.22 (s, 2H), 4.24-4.17 (m, 2H), 1H-pyrazole-5-carboxylate
2.52-2.44 (m, 1H), 2.34 (s, 3H),
1.24-1.20 (m, 3H), 0.82-0.75 (m,
2H), 0.69-0.57 (m, 2H).
I-100 | m/z: 531.5 | 'H NMR (300MHz, CDCl3) & 7T-cyclopropyl-2-(2-
[M+H]* 8.39 (s, IH), 7.61 - 7.47 (m, 4H), | cyclopropylphenyl)-9-(4-(1-
Rt (min): 7.32-7.19 (m, 4H), 7.00 (s, 1H), | methyl-4-(trifluoromethyl)-
1.7046 5.10 (s, 2H), 3.67 (s, 3H), 2.94 1H-imidazol-2-yl)benzyl)-7,9-
(td, J = 3.3,6.9 Hz, 1H), 2.47 - dihydro-8H-purin-8-one
2.33 (m, 1H), 1.11 (brd, J = 6.4
Hz, 2H), 1.06 - 0.97 (m, 2H), 0.72
-0.61 (m, 2H), 0.57 - 0.47 (m,
2H)
I-101 | m/z: '"H NMR (300MHz, CDCl3) 8 7T-cyclopropyl-2-(2-
532.4481 8.52(dd, J = 1.8, 4.7 Hz, 1H), cyclopropylpyridin-3-yl)-9-(4-
[M+H]* 8.48 (s, 1H), 7.98 (dd, J = 1.8, (1-methyl-4-(trifluoromethyl)-
Rt (min): 4.7 Hz, 1H), 7.62 (m, 4H), 7.31 1H-imidazol-2-yl)benzyl)-7,9-
1.2469 (s, 1H), 7.19 - 7.13 (m, 1H), 5.19 | dihydro-8H-purin-8-one
(s, 2H), 3.75 (s, 3H), 3.05-2.98
(m, 1H), 2.82 - 2.72 (m, 1H), 1.23
-1.15 (m, 4H), 1.09 (brd, J = 2.1
Hz, 2H), 0.95 - 0.87 (m, 2H)
I-102 | m/z: 'H NMR (400MHz, CDs0OD, 9-(4-(5,6-dihydropyrrolo[3,4-
452.2523 ppm) & 8.34(s, 1H), 7.55(d, J = c]pyrazol-1(4H)-yl)benzyl)-2-
[M+H]* 8.00 Hz, 4H), 7.48- 7.41(m, 4H), | (2-isopropylphenyl)-7,9-
Rt (min): 7.30- 7.26 (m, 1H), 5.19(s, 2H), dihydro-8H-purin-8-one
0.99 4.29(s, 2H), 4.07(s, 2H), 3.33-
3.27(m, 1H), 1.16- 1.12(m, 6H).
I-103 | m/z: "H NMR (300 MHz, DMSO-d¢) 8 | 9-(4-(5,6-dihydropyrrolo[3,4-
470.0799 8.40 (s, 1H), 7.56-7.53 (m, 2H), c]pyrazol-1(4H)-yl)benzyl)-2-
[M+H]* 7.44-7.41 (m, 3H), 7.30-7.16 (m, | (3-fluoro-2-isopropylphenyl)-
Rt (min): 3H), 5.06 (s, 2H), 4.20 (s, 2H), 7,9-dihydro-8H-purin-8-one
1.03 3.85 (s, 2H), 3.32-3.24 (m, 2H),
1.21-1.20 (m, 6H).
I-104 | m/z: "H NMR (300 MHz, DMSO-d¢) 8 | 9-(4-(5,6-dihydropyrrolo[3,4-
470.0811 8.40 (s, 1H), 8.28 (s, 1H), 7.74- c]pyrazol-2(4H)-yl)benzyl)-2-
[M+H]* 7.71 (m, 2H), 7.42-7.40 (m, 2H), | (3-fluoro-2-isopropylphenyl)-
Rt (min): 7.30-7.17 (m, 3H), 5.04-5.00 (m, | 7,9-dihydro-8H-purin-8-one
1.03 2H), 3.89-3.88 (m, 4H), 3.32-3.26
(m, 2H), 1.29-1.20 (m, 6H).
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Example 33: 2-(2-Isopropylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-105)

_ NaH, CHgl /\/E =0
\\Q\(;NJ/CF:;
/

1-105

[00490] A mixture of 2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-2) (100 mg, 0.20 mmol) and DMF (1 mL)
was cooled to 0 °C and sodium hydride (60% dispersion in mineral oil, 10.5 mg, 0.26 mmol) was
added portionwise at 0 °C. After stirring 0.5 h at 0 °C, iodomethane (43.2 mg, 0.30 mmol) was
added and the resulting mixture was stirred for 5 h at ambient temperature. Water (2 mL) was
added and the mixture was extracted with EtOAc (3 x 2 mL). The organic layers were combined,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by reverse phase prep-HPLC to afford 34.7 mg (34%) of 2-(2-isopropylpyridin-3-yl)-7-
methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-
one (I-105) as a white solid.

Example 34. 9-(4-(1-(2-Hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-one (I-106)

HO HO
N N
\ \
(I/\ K@A Nj\CFa _DIAD, PPhs. //Q/Q\ D\CFa
N N MeOH N
’
N W =0
x N N
1-506 1-106
[00491] Under nitrogen atmosphere at 0 °C, a mixture of 9-(4-(1-(2-hydroxyethyl)-4-

(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
(I-506) (140 mg, 0.27 mmol), tetrahydrofuran (3 mL), triphenylphosphine (127 mg, 0.48 mmol)
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and methanol (26 mg, 0.82 mmol) was treated by dropwise addition of diisopropyl
azodicarboxylate (DIAD, 109 mg, 0.84 mmol). The resulting solution was heated at 50 °C for 16
h, cooled to room temperature and concentrated under vacuum. The residue was purified by
silica gel chromatography (eluting with 1:1 EtOAc/PE), then purified by prep-HPLC to afford
244 mg (17%) of 9-(4-(1-(2-hydroxyethyl)-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one (I-106) as a white solid.

[00492]

synthesized according to either Example 33 or Example 34 using the appropriate commercially-

Table 3 (General Procedure B). The compounds listed in Table 3 were

available reagents and/or Intermediates described herein. Enantiomers, when generated, were

separated by chiral HPLC and absolute stereochemistries were arbitrarily assigned.

Table 3.
Cmpd no. LCMS IH NMR (300 MHz) 6 ppm Chemical Name
I-105 m/z: "H NMR (300 MHz, CD30D) § 8.60- | 2-(2-isopropylpyridin-3-
508.3043 8.58 (m, 1H), 8.53 (s, 1H), 8.07-8.04 | yl)-7-methyl-9-(4-(1-
[M+H]* (m, 1H), 7.70-7.59 (m, 5H), 7.41- methyl-4-
Rt (min): 7.37 (m, 1H), 5.28 (s, 2H), 3.77 (s, (trifluoromethyl)-1H-
1.0175 3H), 3.68-3.58 (m, 1H), 3.57 (s, 3H), | imidazol-2-yl)benzyl)-
1.26 (d, J = 6.60 Hz, 6H). 7,9-dihydro-8H-purin-8-
one
I-106 m/z: 537.4 | '"HNMR (400 MHz, DMSO-ds) & 9-(4-(1-(2-
[M+H]* 8.61 (s, 1H), 7.97 (s, 1H), 7.71-7.64 hydroxyethyl)-4-
Rt (min): (m, 2H), 7.55-7.39 (m, 5H), 7.31- (trifluoromethyl)-1H-
1.5166 7.22 (m, 1H), 5.15 (s, 2H), 5.12-5.04 | imidazol-2-yl)benzyl)-2-
(m, 1H), 4.06 (t, J = 5.20 Hz, 2H), (2-isopropylphenyl)-7-
3.68 (t, J = 5.20 Hz, 2H), 3.46 (s, methyl-7,9-dihydro-8H-
3H), 3.451- 3.27 (m, 1H), 1.10(d, J purin-8-one
= 6.80 Hz, 6H).
1-107 m/z: '"H NMR (400 MHz, CDCls) & 8.40 9-(4-(1H-pyrazol-1-
482.2349 (s, 1H), 7.88 (s, 1H), 7.70 (s, 1H), yl)benzyl)-7-(2-
[M+H]* 7.66-7.58 (m, SH), 7.46-7.39 (m, (dimethylamino)ethyl)-2-
Rt (min): 2H), 7.30-7.26 (m, 1H), 6.44 (s, 1H), | (2-isopropylphenyl)-7,9-
1.23 5.17 (s, 2H), 4.08-4.05 (m, 2H), 3.56- | dihydro-8H-purin-8-one
3.49 (m, 1H), 2.76-2.73 (m, 2H),
2.36 (s, 6H), 1.24-1.23 (m, 6H).
1-108 m/z: '"H NMR (300MHz, CDCl3)  8.64 - | 2-(2-isopropylpyridin-3-
534.5019 8.57 (m, 1H), 8.23 (s, 1H), 7.95 (br d, | yl)-7-methyl-9-(1-(4-(1-
[M+H]* J =73 Hz, 1H), 7.53 - 7.43 (m, 4H), | methyl-4-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
Rt (min): 7.23-7.17 (m, 2H), 3.73 - 3.66 (m, (trifluoromethyl)-1H-
1.0708 1H), 3.64 (s, 3H), 3.42 (s, 3H), 1.68 - | imidazol-2-
1.54 (m, 4H), 1.26 (d, J = 6.7 Hz, yl)phenyl)cyclopropyl)-
6H) 7,9-dihydro-8H-purin-8-
one
1-109 m/z: 495.4 | 'TH NMR (300 MHz, CD3;0D) & 8.57- | 9-(4-(3-(azetidin-1-yl)-5-
[M+H]* 8.55 (m, 1H), 8.49 (s, 1H), 8.01-7.98 | methyl-1H-pyrazol-1-
Rt (min): (m, 1H), 7.53-7.52 (m, 2H), 7.39- yl)benzyl)-2-(2-
0.9096 7.36 (m, 3H), 5.58 (s, 1H), 5.22 (s, isopropylpyridin-3-yl)-7-
2H), 3.85 (t, J = 7.20 Hz, 4H), 3.56- | methyl-7,9-dihydro-8H-
3.54 (m, 4H), 2.37-2.28(m, 2H), 2.20 | purin-8-one
(s, 3H), 1.22 (d, J = 6.90 Hz, 6H).
I-110 m/z: '"H NMR (400 MHz, CD30D) & 8.46 | 2-(2-isopropylphenyl)-7-
549.4547 (s, IH), 8.28 (d, J = 1.20 Hz, 1H), methyl-9-(4-(1-(oxetan-
[M+H]* 7.63-7.56 (m, 2H), 7.50-7.37 (m, 3-yl)-4-(trifluoromethyl)-
Rt (min): 5H), 7.30-7.21 (m, 1H), 5.55-5.43 1H-imidazol-2-
1.638 (m, 1H), 5.24 (s, 2H), 4.99-4.90 (m, yl)benzyl)-7,9-dihydro-
2H), 4.86-4.77 (m, 2H), 3.54 (s, 3H), | 8H-purin-8-one
3.36-3.32 (m, 1H), 1.17 (d, J = 6.80
Hz, 6H).
I-111 m/z: 459.4 | '"H NMR (400 MHz, DMSO-de) & 9-(((1s,4s)-4-(3,5-
[M+H]* 8.54 (s, 1H), 7.55-7.48 (m, 1H), 7.48- | dimethyl-1H-pyrazol-1-
Rt (min): 7.43 (m, 1H), 7.43-7.35 (m, 1H), yl)cyclohexyl)methyl)-2-
1.6516 7.30-7.21 (m, 1H), 5.70 (s, 1H), 3.98- | (2-isopropylphenyl)-7-
3.88 (m, 1H), 3.75 (d, J = 7.20 Hz, methyl-7,9-dihydro-8H-
2H), 3.56-3.44 (m, 1H), 3.41 (s, 3H), | purin-8-one
2.15 (s, 3H), 2.03 (s, 3H), 1.92-1.83
(m, 1H), 1.78-1.66 (m, 6H), 1.31-
1.05 (m, 8H).
I-112 m/z: 459.4 | '"H NMR (400 MHz, DMSO-d¢) & 9-(((11,4r)-4-(3,5-
[M+H]* 8.54 (s, 1H), 7.55-7.47 (m, 1H), 7.47- | dimethyl-1H-pyrazol-1-
Rt (min): 7.34 (m, 2H), 7.22-7.20 (m, 1H), yl)cyclohexyl)methyl)-2-
1.719 5.73-5.72 (m, 1H), 4.01-3.93 (m, (2-isopropylphenyl)-7-
3H), 3.54-3.46 (m, 1H), 3.41 (s, 3H), | methyl-7,9-dihydro-8H-
2.31-2.29 (m, 1H), 2.15 (s, 3H), 2.12- | purin-8-one
1.98 (m, SH), 1.72-1.51 (m, 6H),
1.15 (d, J = 6.80 Hz, 6H).
I-113 m/z: "H NMR (300 MHz, CD30D) § 8.60- | 2-(2-isopropylpyridin-3-
508.3694 8.58 (m, 1H), 8.53 (2, 1H), 8.04-8.01 | yl)-7-methyl-9-(4-(5-
[M+H]* (m, 1H), 7.66-7.63 (m, 2H),7.52-7.49 | methyl-3-
Rt (min): (m, 2H), 6.59 (s,1H), 5.29 (s, 2H), (trifluoromethyl)-1H-
1.2874 3.62-3.57 (m, 4H), 2.34 (s,3H), 1.24 | pyrazol-1-yl)benzyl)-7,9-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
(d, J = 6.40 Hz, 6H). dihydro-8H-purin-8-one
I-114 m/z: 'H NMR (400 MHz, CD3;0D) & 8.59- | 9-(4-(1-cyclopropyl-4-
534.4369 8.47 (m, 2H), 8.03-7.95 (m, 1H), (trifluoromethyl)-1H-
[M+H]* 7.83-7.75 (m, 2H), 7.74-7.68 (i, imidazol-2-yl)benzyl)-2-
Rt (min): 1H), 7.64-7.54 (m, 2H), 7.38-7.29 (2-isopropylpyridin-3-
1.1783 (m, 1H), 5.25 (s, 2H), 3.67-3.52 (m, yl)-7-methyl-7,9-
SH), 1.22 (d, J = 6.80 Hz, 6H), 1.04- | dihydro-8H-purin-8-one
0.94 (m, 2H), 0.88-0.79 (m, 2H).
I-115 m/z: '"H NMR (400 MHz, CD30D) 6 8.59- | (R)-2-(2-
522.4608 8.57 (m, 1H), 8.52 (s, 1H), 8.01-7.98 | isopropylpyridin-3-yl)-7-
[M+H]* (m, 1H), 7.70-7.63 (m, 5H), 7.37- methyl-9-(1-(4-(1-
Rt (min): 7.34 (m, 1H), 5.97-5.91 (m, 1H), methyl-4-
1.097 3.77 (s, 3H), 3.68-3.58 (m, 1H), 3.55 | (trifluoromethyl)-1H-
(s, 3H), 2.12 (d, J = 7.20 Hz, 3H), imidazol-2-
1.27-1.20 (m, 6H). yl)phenyl)ethyl)-7,9-
dihydro-8H-purin-8-one
I-116 m/z: 'H NMR (400 MHz, CD30D) & 8.59- | (S)-2-(2-
522.4681 8.57 (m, 1H), 8.52 (s, 1H), 8.01-7.98 | isopropylpyridin-3-yl)-7-
[M+H]* (m, 1H), 7.70-7.64 (m, 5SH), 7.37- methyl-9-(1-(4-(1-
Rt (min): 7.34 (m, 1H), 5.96-5.91 (m, 1H), methyl-4-
1.0984 3.77 (s, 3H), 3.68-3.60 (m, 1H), 3.55 | (trifluoromethyl)-1H-
(s, 3H), 2.12 (d, J = 7.60 Hz, 3H), imidazol-2-
1.27-1.21 (m, 6H). yl)phenyl)ethyl)-7,9-
dihydro-8H-purin-8-one
I-117 m/z: '"H NMR (400 MHz, DMSO-d¢) & 2-(2-1sopropylpyridin-3-
579.5543 8.63 (s, 1H), 8.61-8.54 (m, 1H), 7.95- | yl)-7-methyl-9-(4-(5-
[M+H]* 7.92 (m, 1H), 7.74-7.70 (m, 2H), morpholino-3-
Rt (min): 7.51-7.48 (m, 2H), 7.31-7.27 (i, (trifluoromethyl)-1H-
1.2874 1H), 6.50 (s, 1H), 5.14 (s, 2H), 3.63- | pyrazol-1-yl)benzyl)-7,9-
3.54 (m, SH), 3.46 (s, 3H), 2.81-2.78 | dihydro-8H-purin-8-one
(m, 4H), 1.11 (d, J = 6.80 Hz, 6H).
I-118 m/z: 470.3 | '"H NMR (300 MHz, DMSO-ds) & 2-(2-isopropylpyridin-3-
[M+H]* 8.63-8.60 (m, 2H), 7.99-7.96 (m, y1)-9-(4-(3-methoxy-5-
Rt (min): 1H), 7.59 (d, J = 8.40 Hz, 2H), 7.42 methyl-1H-pyrazol-1-
0.9883 (d, J = 8.40 Hz, 2H), 7.34-7.30 (m, yl)benzyl)-7-methyl-7,9-
1H), 5.71 (s, 1H), 5.10 (s, 2H), 3.88 dihydro-8H-purin-8-one
(s, 3H), 3.67-3.58 (m, 1H), 3.47 (s,
3H), 2.15 (s, 3H), 1.14 (d, J = 6.90
Hz, 6H).
I-119 | m/z: '"H NMR (400 MHz, DMSO-d¢) & 2-(2-isopropylpyridin-3-
550.4299 8.82 (s, 1H), 8.60-8.59 (m, 1H), 7.98- | yl)-9-(4-(1-methyl-4-
[M+H]* 7.60 (m, 1H), 7.91 (d, J = 2.40 Hz, (trifluoromethyl)-1H-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name

Rt (min): 1H), 7.72-7.67 (m, 2H), 7.48 (d, J = imidazol-2-yl)benzyl)-7-

1.0446 8.40 Hz, 2H), 7.33-7.29 (m, 1H), (oxetan-3-yl)-7,9-
5.61-5.54 (m, 1H), 5.15-5.08 (m, dihydro-8H-purin-8-one
4H), 5.00-4.96 (m, 2H), 3.73 (s, 3H),
3.61-3.31 (m, 1H), 1.16-1.12 (m,
6H).

I-120 | m/z: '"H NMR (400 MHz, DMSO-d¢) & 2-(2-isopropylpyridin-3-

552.4071 8.64 (s, 1H), 8.59-8.57 (m, 1H), 7.96- | yl)-7-(2-methoxyethyl)-

[M+H]* 7.94 (m, 1H), 7.92-7.90 (m, 1H), 9-(4-(1-methyl-4-

Rt (min): 7.70-7.67 (m, 2H), 7.48-7.45 (m, (trifluoromethyl)-1H-

1.085 2H), 7.31-7.28 (m, 1H), 5.15 (s, 2H), | imidazol-2-yl)benzyl)-

4.12 (t,J =5.20 Hz, 2H), 3.74 (s, 7,9-dihydro-8H-purin-8-
3H), 3.68 (t, J = 5.20 Hz, 2H), 3.63- | one
3.59 (m, 1H), 3.26 (s, 3H), 1.12 (d, J
= 6.40 Hz, 6H).
I-121 m/z: 7-(1,1-dioxidothietan-3-

598.4064 yD)-2-(2-

[M+H]* isopropylpyridin-3-yl)-9-

Rt (min): (4-(1-methyl-4-

1.085 (trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-
one

I-122 m/z: 2-(2-1sopropylpyridin-3-

578.4492 yD)-9-(4-(1-methyl-4-

[M+H]* (trifluoromethyl)-1H-

Rt (min): imidazol-2-yl)benzyl)-7-

1.112 (tetrahydro-2H-pyran-4-
yD)-7,9-dihydro-8H-
purin-8-one

I-123 m/z: 7-(2-hydroxyethyl)-2-(2-

538.3385 1sopropylpyridin-3-yl)-9-

[M+H]* (4-(1-methyl-4-

Rt (min): (trifluoromethyl)-1H-

0.9097 imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-
one

I-124 m/z: 2-(2-1sopropylpyridin-3-

550.2679 yD)-7-methyl-9-(4-(1-

[M+H]* (oxetan-3-yl)-4-

Rt (min): (trifluoromethyl)-1H-

0.9767 imidazol-2-yl)benzyl)-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
7,9-dihydro-8H-purin-8-
one

1-125 m/z: 9-(3,5-difluoro-4-(1-
544.2222 methyl-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-2-
1.0715 (2-1sopropylpyridin-3-
yl)-7-methyl-7,9-
dihydro-8H-purin-8-one
1-126 m/z: '"H NMR (300 MHz, DMSO-ds) 6 9-(3-fluoro-4-(1-methyl-
526.2587 8.65 (s, 1H), 8.61-8.58 (m, 1H), 7.99- | 4-(trifluoromethyl)-1H-
[M+H]* 7.93 (m, 2H), 7.58 (t, J = 7.80 Hz, imidazol-2-yl)benzyl)-2-
Rt (min): 1H), 7.42-7.38 (m, 1H), 7.34--7.28 (2-isopropylpyridin-3-
1.0446 (m, 2H), 5.19 (s, 2H), 3.62-3.55 (m, yl)-7-methyl-7,9-
4H), 3.47 (s, 3H), 1.12 (d, J = 6.90 dihydro-8H-purin-8-one
Hz, 6H).
1-127 m/z: "H NMR (400 MHz, CD30D) 6 8.68 | 9-(2-fluoro-4-(1-methyl-
526.2157 (d, J =4.40 Hz, 1H), 8.59 (s, 1H), 4-(trifluoromethyl)-1H-
[M+H]* 8.50-8.46 (m, 1H), 7.72-7.67 (i, imidazol-2-yl)benzyl)-2-
Rt (min): 2H), 7.56-7.46( m, 3H), 5.35 (s, 2H), | (2-isopropylpyridin-3-
1.058 3.98-3.90 (m, 1H), 3.80 (s, 3H), 3.58 | yl)-7-methyl-7,9-
(s, 3H), 1.30 (d, J = 6.80 Hz, 6H). dihydro-8H-purin-8-one
1-128 m/z: '"H NMR (300 MHz, CD30D) & 8.56- | 9-(2,6-difluoro-4-(1-
544.2872 8.54 (m, 1H), 8.49 (s, 1H), 7.97-7.94 | methyl-4-
[M+H]* (m, 1H), 7.72 (s, 1H), 7.37-7.31 (m, (trifluoromethyl)-1H-
Rt (min): 3H), 5.34 (s, 2H), 3.80 (s, 3H), 3.63- | imidazol-2-yl)benzyl)-2-
1.0984 3.50 (m, 1H), 3.51 (s, 3H), 1.25 (d, J | (2-isopropylpyridin-3-
= 6.90 Hz, 6H). yl)-7-methyl-7,9-
dihydro-8H-purin-8-one
1-129 m/z: "H NMR (400 MHz, CD30D) § 8.59- | 2-(2-isopropylpyridin-3-
511.2647 8.48 (m, 2H), 8.03-7.96 (m, 1H), yl)-7-(methyl-d3)-9-(4-
[M+H]* 7.70-7.56 (m, 5SH), 7.38-7.30 (m, (1-methyl-4-
Rt (min): 1H), 5.25 (s, 2H), 3.75 (s, 3H), 3.64- | (trifluoromethyl)-1H-
1.015 3.52 (m, 1H), 1.23 (d, J = 6.80 Hz, imidazol-2-yl)benzyl)-
6H). 7,9-dihydro-8H-purin-8-
one
I-130 | m/z: '"H NMR (400 MHz, CD30D) & 8.57- | 2-(2-isopropylpyridin-3-
514.2547 8.52 (m, 1H), 8.51 (s, 1H), 8.01-7.97 | yl)-7-(methyl-d3)-9-(4-
[M+H]* (m, 1H), 7.71-7.56 (m, 5H), 7.36- (1-(methyl-d3)-4-
Rt (min): 7.32 (m, 1H), 5.25 (s, 2H), 3.62 — (trifluoromethyl)-1H-
1.0041 3.54 (m, 1H), 1.23 (d, J = 6.80 Hz, imidazol-2-yl)benzyl)-
6H). 7,9-dihydro-8H-purin-8-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
one
I-131 m/z: '"H NMR (400 MHz, CD30D) & 8.57- | 2-(2-isopropylpyridin-3-
511.2382 8.54 (m, 1H), 8.49 (s, 1H), 8.00-7.95 | yl)-7-methyl-9-(4-(1-
[M+H]* (m, 1H), 7.67-7.57 (m, 5H), 7.33- (methyl-d3)-4-
Rt (min): 7.30 (m, 1H), 5.24 (s, 2H), 3.62-3.52 | (trifluoromethyl)-1H-
1.0175 (m, 4H), 1.22 (d, J = 6.80 Hz, 6H). imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-
one
1-132 m/z: 523.4 2-(2-(2-hydroxypropan-
[M+H]* 2-yl)phenyl)-7-methyl-9-
Rt (min): (4-(1-methyl-4-
1.3917 (trifluoromethyl)-1H-

imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-

one
I-133 m/z: 7-methyl-9-(4-(1-methyl-
551.405 4-(trifluoromethyl)-1H-
[M+H]* imidazol-2-yl)benzyl)-2-
Rt (min): (2-morpholinopyridin-3-
1.0041 y1)-7,9-dihydro-8H-
purin-8-one
1-134 m/z: 2-(2-(3-fluoroazetidin-1-
539.3129 yl)pyridin-3-yl)-7-
[M+H]* methyl-9-(4-(1-methyl-4-
Rt (min): (trifluoromethyl)-1H-
0.955 imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-
one
1-135 m/z: 2-(2-(3,3-
557.3753 difluoroazetidin-1-
[M+H]* yl)pyridin-3-yl)-7-
Rt (min): methyl-9-(4-(1-methyl-4-
1.3412 (trifluoromethyl)-1H-

imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-

one

I-136 m/z: 7-methyl-9-(4-(1-methyl-
589.4218 4-(trifluoromethyl)-1H-
[M+H]* imidazol-2-yl)benzyl)-2-
Rt (min): (2-(3-
1.2383 (trifluoromethyl)azetidin-

1-yl)pyridin-3-yl)-7,9-
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Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
dihydro-8H-purin-8-one
1-137 m/z: 2-(2-
522.4094 cyclopropoxypyridin-3-
[M+H]* yl)-7-methyl-9-(4-(1-
Rt (min): methyl-4-
1.3412 (trifluoromethyl)-1H-

imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-
one

Example 35: 2-(2-Isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-138)

CF;
cl N&
N ! N
CF3 (o) NA%: \ N02 H \
N\& — K\(N
N\ B-71 R N. N Fe, NH,CI
DIEA Step 2
H,N Step 1
B-23 CF
CF, /Ss
N™ N\
S \
0] N\
N
NH
Y o
AN _ =
N
I A
N.__N Step 3 I

1-138

Step 1. 2-(2-Isopropylphenyl)-N-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-

S-nitropyrimidin-4-amine

[00493] A mixture of Intermediate B-71 (4.03 g, 14.51 mmol) and DIEA (5.66 g, 43.79
mmol) in THF (280 mL) at -78 °C was treated with dropwise addition of a solution of

Intermediate B-23 (3.73 g, 14.61 mmol) in THF (20 mL) and the resulting solution was stirred
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for 2 h at -78 °C. The reaction was allowed to warm to ambient temperature gradually over 1 h
whereupon the reaction mixture was concentrated under vacuum and the residue was purified by
silica gel chromatography (eluting with 33% EtOAc/PE) to afford 4.8 g (66%) of 2-(2-
isopropylphenyl)-N-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-5-
nitropyrimidin-4-amine as a yellow solid. MS (ESI) m/z 497.1 [M+H]*

Step 2. 2-(2-Isopropylphenyl)-N*-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)pyrimidine-4,5-diamine

[00494] A mixture of 2-(2-isopropylphenyl)-N-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-5-nitropyrimidin-4-amine (4.1 g, 8.26 mmol), iron powder (2.31 g, 41.36
mmol), and ammonium chloride (1.31 g, 24.49 mmol), in 3:3:1 EtOH/THF/water (42 mL) was
stirred for 1 h at 80 °C. The reaction mixture was filtered and concentrated under vacuum to
afford 5.3 g (crude) of 2-(2-isopropylphenyl)-N*-(4-(1-methyl-4-(trifluoromethyl)-1 H-imidazol-
2-yl)benzyl)pyrimidine-4,5-diamine as a brown solid. MS (ESI) m/z 467.2 [M+H]*

Step 3. 2-(2-Isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one

[00495] A mixture of 2-(2-isopropylphenyl)-N*-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)pyrimidine-4,5-diamine (3.0 g, 6.43 mmol) and CDI (3.12 g, 19.24 mmol)
in DCM (30 mL) was stirred for 2 h at 40 °C, then was concentrated under vacuum, dispersed in
water (100 mL) and extracted with EtOAc (2 x 150 mL). The combined organic extracts were
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified initially by silica gel chromatography (eluting with 50% EtOAc/PE), then was further
purified by prep-HPLC resulting in 1.005 g (40%) of 2-(2-isopropylphenyl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-138) as a white solid.
[00496] Table 4 (General Procedure C). The compounds listed in Table 4 were
synthesized according to Example 35 using the appropriate commercially-available reagents

and/or Intermediates described herein. Enantiomers, when generated, were separated by chiral

HPLC and absolute stereochemistries were arbitrarily assigned.

Table 4.
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
I-138 m/z: 493.18 | 'TH NMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-

[M+H]* 8.30 (s, 1H), 7.67-7.62 (m, 5H), (1-methyl-4-

Rt (min): 7.46-7.38 (m, 3H), 7.27-7.23 (m, (trifluoromethyl)-1H-

1.58 1H), 5.22 (s, 2H), 3.75 (s, 3H), imidazol-2-yl)benzyl)-7,9-
3.35-3.28 (m, 1H), 1.20-1.14 (m, dihydro-8H-purin-8-one
6H).

1-139 m/z: '"H NMR (300 MHz, CD30D) § 9-(4-(1H-1,2,3-triazol-1-

412.2818 8.52 (s, 1H), 8.34 (s, 1H), 7.95- yDbenzyl)-2-(2-

[M+H]J* 7.78 (m, 3H), 7.65 (d, J = 6.20 Hz, | isopropylphenyl)-7,9-

Rt (min): 2H),7.50-7.35 (m, 3H),7.30-7.21 dihydro-8H-purin-8-one

1.32 (m, 1H), 5.23 (s, 2H), 3.30-3.15
(m, 1H), 1.13 (d, J = 6.90 Hz, 6H).

1-140 m/z: 'H-NMR (300MHz, DMSO-de) 9-(4-(2H-1,2,3-triazol-2-

412.2818 6 8.40 (s, 1H), 8.12 (s, 2H), 7.99 yDbenzyl)-2-(2-

[M+H]J* (d, J = 8.40 Hz, 2H), 7.56-7.45 (m, | isopropylphenyl)-7,9-

Rt (min): 3H),7.45-7.32 (m, 2H), 7.30-7.18 dihydro-8H-purin-8-one

1.59 (m, 1H), 5.12 (s, 2H), 3.52-3.31
(m, 1H), 1.06 (d, J = 6.60 Hz,
6H).

1-141 m/z: '"H NMR (300MHz, DMSO-dg) & (5)-9-(1-(4-(2H-1,2,3-

426.2854 11.57 (s, 1H), 8.39 (s, 1H) , 8.09 triazol-2-yl)phenyl)ethyl)-2-

[M+H]J* (s, 2H), 7.97(d, J = 8.40 Hz, 2H), (2-isopropylphenyl)-7,9-

Rt (min): 7.55(d, J = 8.40 Hz, 2H), 7.49(d, J | dihydro-8H-purin-8-one

1.67 =7.50 Hz, 1H), 7.45-7.30 (m,
2H),7.29-7.15 (m, 1H) , 5.76(q, J
=7.50 Hz, 1H), 3.49-3.35 (m,
1H), 1.96 (d, J = 7.50 Hz, 3H),
1.04-0.95(m, 6H).

1-142 m/z: 426.32 | '"H NMR (300MHz, DMSO-ds, (R)-9-(1-(4-(2H-1,2,3-

[M+H]J* ppm) & 11.47 (br s, 1H), 8.39 (s, triazol-2-yl)phenyl)ethyl)-2-

Rt (min): 1H), 8.09 (s, 2H), 7.98(d, J = 8.70 | (2-isopropylphenyl)-7,9-

1.67 Hz, 2H), 7.56(d, J = 8.40 Hz, 2H), | dihydro-8H-purin-8-one
7.49 (d, J = 7.20 Hz, 1H), 7.40-

7.27 (m, 2H), 7.27-7.10 (m, 1H),
5.79(q, J = 7.20 Hz, 1H), 3.49-
3.35(m, 1H), 1.97 (d, J =
7.50 Hz, 3H), 1.05-0.95(m, 6H).
1-143 m/z: '"H NMR (400MHz, CDCl3) 4 10.0 | 2-(2-isopropylphenyl)-9-

429.3747 (brs, 1H), 8.32 (s, 1H), 8.31 (s, ((1-(pyridin-3-yl)piperidin-

[M+H]* 1H), 8.08 (s, 1H), 7.60 (d, J = 7.60 | 4-yl)methyl)-7,9-dihydro-

Rt (min): Hz, 1H), 7.55-7.38 (m, 2H), 7.29- 8H-purin-8-one
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
1.03 7.21 (m, 1H), 7.20-7.11 (m, 2H),
3.95(d, J = 7.20 Hz, 2H), 3.75-
3.65 (m, 2H), 3.55-3.40 (m, 1H),
2.80-2.68 (m, 2H), 2.30-2.10 (m,
1H), 1.85-1.75 (m, 2H), 1.60-1.45
(m, 2H), 1.25 (d, J = 7.20 Hz,
6H).
1-144 m/z: '"H NMR (300 MHz, CD30D) & 2-(2-1sopropylphenyl)-9-(1-
415.3364 8.30 (s, 1H), 8.25 (d, J = 3.00 Hz, | (pyridin-3-yl)piperidin-4-
[M+H]J* 1H), 7.94 (d, J = 3.90 Hz, 1H), yl)-7,9-dihydro-8H-purin-8-
Rt (min): 7.47-7.36 (m, 4H), 7.27-7.21 (m, one
0.96 2H), 4.65-4.53 (m, 1H), 3.97-3.93
(m, 2H), 3.44-3.37 (m, 1H), 3.01-
2.77 (m, 4H), 1.91-1.85 (m, 2H),
1.18 (d, J = 6.90 Hz, 6H).
1-145 m/z: 9-(4-(1H-pyrazol-1-
411.2225 yDbenzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.51
1-146 m/z: 9-((6-(1H-pyrazol-1-
412.2818 yDpyridin-3-yl)methyl)-2-
[M+H]* (2-isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.5
1-147 m/z: '"H NMR (400 MHz, CD30D) § (S)-9-(1-(4-(1H-1,2,3-
426.1938 8.53 (s,1H), 8.34 (m, 1H), 7.90- triazol-1-yl)phenyl)ethyl)-2-
[M+H]J* 7.85 (m, 3H), 7.74-7.72 (m, 2H), (2-isopropylphenyl)-7,9-
Rt (min): 7.53-7.46 (m, 3H), 7.33-7.31 (m, dihydro-8H-purin-8-one
1.39 1H), 5.98-5.93 (m,1H), 3.33-3.28
(m, 1H), 2.11 (d, J = 7.20 Hz, 3H),
1.14-1.01 (m, 6H).
1-148 m/z: '"H NMR (400 MHz, CD30D) § (R)-9-(1-(4-(1H-1,2,3-
426.2366 8.54 (s, 1H), 8.41 (m, 1H), 7.90- triazol-1-yl)phenyl)ethyl)-2-
[M+H]J* 7.86 (m, 3H), 7.74-7.72 (m, 2H), (2-isopropylphenyl)-7,9-
Rt (min): 7.46-7.40 (m, 3H), 7.28-7.25 (m, dihydro-8H-purin-8-one
1.39 1H), 5.95-5.83 (m, 1H), 3.33-3.21
(m, 1H), 2.11 (d, J = 7.60 Hz, 3H),
1.14-1.02 (m, 6H).
1-149 m/z: 2-(2-1sopropylphenyl)-9-(4-
479.2247 (3-(trifluoromethyl)-1H-
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
[M+H]* pyrazol-1-yl)benzyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.79

I-150 m/z: 2-(2-isopropylphenyl)-9-(4-
427.0969 (5-methyl-1,3,4-oxadiazol-
[M+H]* 2-yl)benzyl)-7,9-dihydro-
Rt (min): 8H-purin-8-one
1.34

I-151 m/z: 4-((2-(2-isopropylphenyl)-
370.1039 8-0x0-7,8-dihydro-9H-
[M+H]* purin-9-
Rt (min): yl)methyl)benzonitrile
1.47

1-152 m/z: 2-(2-isopropylphenyl)-9-(4-
427.3232 (5-methyl-1,2,4-oxadiazol-
[M+H]* 3-yl)benzyl)-7,9-dihydro-
Rt (min): 8H-purin-8-one
1.5436

I-153 m/z: 444.14 2-(2-isopropylphenyl)-9-(4-
[M+H]* (morpholinomethyl)benzyl)-
Rt (min): 7,9-dihydro-8H-purin-8-one

I-154 m/z: 9-(4-(1H-1,2,4-triazol-1-
412.0846 yDbenzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.29

I-155 m/z: (R)-2-(2-isopropylphenyl)-
359.122 9-(1-phenylethyl)-7,9-
[M+H]* dihydro-8H-purin-8-one
Rt (min):
1.69

I-156 m/z: (S)-2-(2-1sopropylphenyl)-
359.1219 9-(1-phenylethyl)-7,9-
[M+H]* dihydro-8H-purin-8-one
Rt (min):
1.69

I-157 m/z: "H NMR (400 MHz, CD30D) § (S)-9-(1-(4-(1H-pyrazol-1-
425.2752 8.31 (s, 1H), 8.18 (d, J = 2.4 Hz, yDphenyl)ethyl)-2-(2-
[M+H]* 1H), 7.71-7.68 (m, 3H), 7.61 (d, J isopropylphenyl)-7,9-
Rt (min): = 8.8 Hz, 2H), 7.44-7.39 (m, 3H), | dihydro-8H-purin-8-one
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1.59 7.26-7.22 (m, 1H), 6.50 (t,J = 2.4
Hz, 1H), 5.88-5.82 (m, 1H), 3.34-
3.28 (m, 1H), 2.07 (d, J = 7.2 Hz,
3H), 1.11 (d, J = 7.20 Hz, 3H),
1.09 (d, J = 7.2 Hz, 3H).
1-158 m/z: '"H NMR (400 MHz, CD30D) § (R)-9-(1-(4-(1H-pyrazol-1-
425.2802 8.31 (s, 1H), 8.18 (d, J = 2.4 Hz, yDphenyl)ethyl)-2-(2-
[M+H]J* 1H), 7.71-7.68 (m, 3H), 7.61 (d, J | isopropylphenyl)-7,9-
Rt (min): = 8.8 Hz, 2H), 7.44-7.39 (m, 3H), dihydro-8H-purin-8-one
1.59 7.26-7.22 (m, 1H), 6.50 (t, J = 2.4
Hz, 1H), 5.88-5.82 (m, 1H), 3.34-
3.28 (m, 1H), 2.07 (d, J = 7.2 Hz,
3H), 1.11 (d, J = 7.20 Hz, 3H),
1.09 (d, J = 7.2 Hz, 3H).
1-159 m/z: 387.2 | '"HNMR (400 MHz, CD30D) § (R)-9-(chroman-4-yl)-2-(2-
[M+H]* 8.35 (s, 1H), 7.40-7.30 (m, 3H), isopropylphenyl)-7,9-
Rt (min): 7.25-7.09 (m, 2H), 6.89-6.71 (m, dihydro-8H-purin-8-one
1.58 3H), 5.90-5.85 (m, 1H), 4.60-4.50
(m, 1H), 7.45-7.18 (m, 1H), 3.21-
3.01 (m, 2H), 2.31-2.12 (m, 1H),
1.03 (d, J = 6.80 Hz, 3H), 0.95 (d,
J =6.80 Hz, 3H)
I-160 m/z: '"H NMR (400 MHz, CDCl3) & 2-(2-1sopropylphenyl)-9-(4-
425.1005 11.23 (s, 1H), 8.25 (s, 1H), 7.67- (1-methyl-1H-imidazol-2-
[M+H]J* 7.66 (m, 2H), 7.60-7.58 (m, 2H), yl)benzyl)-7,9-dihydro-8H-
Rt (min): 7.55-7.54 (m, 1H), 7.43-7.39 (m, purin-8-one
0.98 2H), 7.26-7.24 (m, 1H), 7.24-7.22
(m, 1H), 7.03-7.00 (m, 1H), 5.17
(s, 2H), 3.76 (s, 3H), 3.50-3.43 (m,
1H), 1.21-1.19 (m, 6H).
I-161 m/z: '"H NMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(2-
443.2182 8.30 (s, 1H), 8.18 (s, 1H), 7.92- (1-(pyridin-3-yl)piperidin-4-
[M+H]* 7.90 (m, 1H), 7.49-7.41 (m, 3H), yDethyl)-7,9-dihydro-8H-
Rt (min): 7.38-7.35 (m, 1H), 7.29-7.22 (m, purin-8-one
1.1 2H), 4.08 (t, J = 6.80 Hz, 2H),
3.72-3.69 (m, 2H), 3.48-3.41 (m,
1H), 2.70-2.69 (m, 2H), 1.99-1.89
(m, 2H), 1.84-1.80 (m, 2H), 1.55-
1.48 (m, 1H), 1.44-1.35 (m, 2H),
1.25-1.18 (m, 6H).
1-162 m/z: "H NMR (300 MHz, CDCl3) 6 9.52 | 9-(2-chloro-4-(1H-pyrazol-
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445.1508 (brs, 1H), 8.49 (s, 1H), 7.90-7.83 1-yl)benzyl)-2-(2-
[M+H]* (m, 2H), 7.73-7.72 (m, 1H), 7.60- isopropylphenyl)-7,9-
Rt (min): 7.52 (m, 2H), 7.43-7.38 (m, 3H), dihydro-8H-purin-8-one
1.66 7.27 (s, 1H), 6.48 (s, 1H), 5.34 (s,
2H), 3.43-3.36 (m, 1H), 1.16-1.13
(m, 6H).
I-163 m/z: "H NMR (400 MHz, CDCl3) 6 9.87 | 9-((1R,2S)-2-(4-(1H-
451.0999 (s, 1H), 8.40 (s, 1H), 7.89 (d, J = pyrazol-1-
[M+H]J* 2.0 Hz, 1H), 7.72 (s, 1H), 7.65- yl)phenyl)cyclobutyl)-2-(2-
Rt (min): 7.55 (m, 3H), 7.54-7.45 (m, 2H), isopropylphenyl)-7,9-
1.75 7.35-7.32 (m, 3H), 6.46 (s, 1H), dihydro-8H-purin-8-one
5.20-5.13 (m, 1H), 4.86-4.78 (m,
1H), 3.60-3.57 (m, 1H), 3.33-3.12
(m, 1H), 2.49-2.42 (m, 1H), 2.37-
2.31 (m, 1H), 1.99-1.89 (m, 1H),
1.32-1.13 (m, 6H).
I-164 m/z: "H NMR (400 MHz, CDCl3) 6 9.87 | 9-((1S,2R)-2-(4-(1H-
451.1105 (s, 1H), 8.40 (s, 1H), 7.89 (d, J = pyrazol-1-
[M+H]J* 2.0 Hz, 1H), 7.72 (s, 1H), 7.65- yl)phenyl)cyclobutyl)-2-(2-
Rt (min): 7.55 (m, 3H), 7.54-7.45 (m, 2H), isopropylphenyl)-7,9-
1.75 7.35-7.32 (m, 3H), 6.46 (s, 1H), dihydro-8H-purin-8-one
5.20-5.13 (m, 1H), 4.86-4.78 (m,
1H), 3.60-3.57 (m, 1H), 3.33-3.12
(m, 1H), 2.49-2.42 (m, 1H), 2.37-
2.31 (m, 1H), 1.99-1.89 (m, 1H),
1.32-1.13 (m, 6H).
I-165 m/z: '"H NMR (400 MHz, CD;0D) & 9-(4-(1H-1,2,3-triazol-1-
430.0399 8.51 (s, 1H), 8.34 (s, 1H), 7.88- yl)benzyl)-2-(3-fluoro-2-
[M+H]* 7.83 (m, 3H), 7.65-7.61 (m, 2H), isopropylphenyl)-7,9-
Rt (min): 7.29-7.25 (m, 2H), 7.14-7.10 (m, dihydro-8H-purin-8-one
1.35 1H), 5.21 (s, 2H), 3.14-3.10 (m,
1H), 1.29-1.23 (m, 6H).
1-166 m/z: '"H NMR (400 MHz, CDCl3) 6 8.33 | 9-(4-(2H-1,2,3-triazol-2-
430.0403 (s, 1H), 8.06-8.02 (m, 2H), 7.90 (s, | yl)benzyl)-2-(3-fluoro-2-
[M+H]J* 2H), 7.59-7.55 (m, 2H), 7.30-7.24 | isopropylphenyl)-7,9-
Rt (min): (m, 2H), 7.14-7.10 (m, 1H), 5.20 dihydro-8H-purin-8-one
1.62 (s, 2H), 3.14-3.08 (m, 1H), 1.26-
1.24 (m, 6H).
1-167 m/z: '"H NMR (300 MHz, DMSO-ds) 8 | 9-(2-fluoro-4-(1H-pyrazol-
429.1469 11.56 (s, 1H), 8.52-8.39 (m, 1H), 1-yl)benzyl)-2-(2-
[M+H]* 7.75-7.64 (m, 3H), 7.48-7.22 (m, isopropylphenyl)-7,9-
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Rt (min): 5H), 6.54 (s, 1H), 5.09 (s, 2H), dihydro-8H-purin-8-one
1.58 3.61-3.57 (m, 1H), 1.22-0.91 (m,
6H).
I-168 m/z: 2-(2-1sopropylphenyl)-9-(4-
427.0969 (5-methyl-2H-tetrazol-2-
[M+H]J* yl)benzyl)-7,9-dihydro-8H-
Rt (min): purin-8-one
1.57
I-169 m/z: 2-(2-isopropylphenyl)-9-(4-
412.0846 (oxazol-2-yl)benzyl)-7,9-
[M+H]* dihydro-8H-purin-8-one
Rt (min):
1.49
I-170 m/z: '"H NMR (400 MHz, DMSO-ds) 6 9-(4-(1H-pyrazol-1-
429.1115 11.62 (s, 1H), 8.46-8.40 (m, 2H), yl)benzyl)-2-(3-fluoro-2-
[M+H]J* 7.81-7.79 (m, 3H), 7.46-744 (m, isopropylphenyl)-7,9-
Rt (min): 2H), 7.32-7.26 (m, 2H), 7.21-7.17 dihydro-8H-purin-8-one
1.58 (m, 1H), 6.53-6.52 (m, 1H), 5.06
(s, 2H), 3.32-3.27 (m, 1H), 1.21 (d,
J = 6.4 Hz, 6H).
I-171 m/z: '"H NMR (300 MHz, DMSO-ds) 8 | 9-benzyl-2-(2-
345.1513 8.36 (s, 1H), 7.54-7.18 (m, 9H), isopropylphenyl)-7,9-
[M+H]* 5.02 (s, 2H), 3.49-3.40 (m, 1H), dihydro-8H-purin-8-one
Rt (min): 1.09 (d, J = 6.90 Hz, 6H).
1.59
1-172 m/z: 443.15 | '"H NMR (400 MHz, CD30D) § 2-(3-fluoro-2-
[M+H]* 8.33 (s, 1H), 7.58-7.54 (m, 4H), isopropylphenyl)-9-(4-(1-
Rt (min): 7.33-7.22 (m, 2H), 7.21-7.07 (m, methyl-1H-imidazol-2-
0.83 2H), 7.01 (s, 1H), 5.20 (s, 2H), yl)benzyl)-7,9-dihydro-8H-
3.72 (s, 3H), 3.18-3.11 (m, 1H), purin-8-one
1.18-1.16 (m, 6H).
1-173 m/z: 509.47 | '"H NMR (400 MHz, CD30D) § 2-(2-isopropylphenyl)-9-(4-
[M+H]* 8.31-8.30 (m, 1H), 8.00-7.97 (m, (3-(4-methylpiperazin-1-yl)-
Rt (min): 1H), 7.60-7.58 (m, 2H), 7.48- 1H-pyrazol-1-yl)benzyl)-
0.8961 7.7.38 (m, SH), 7.27-7.23 (m, 1H), | 7,9-dihydro-8H-purin-8-one
6.02-6.00 (m, 1H), 5.12 (s, 2H),
3.32-3.22 (m, 5H), 2.60-2.52 (m,
4H), 2.33 (s, 3H), 1.13 (d, J = 6.8
Hz, 6H).
1-174 m/z: 496.4 | 'THNMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-
[M+H]* 8.32 (s, 1H), 8.01 (d, J = 2.40 Hz, (3-morpholino-1H-pyrazol-
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Rt (min): 1H), 7.66-7.58(m, 2H), 7.52- 1-yl)benzyl)-7,9-dihydro-
1.5706 7.37(m, 5H), 7.26-7.23 (m, 1H), 8H-purin-8-one
6.03(d, J = 2.80 Hz, 1H), 5.14¢s,
2H), 3.84-3.77(m, 4H), 3.31-3.20
(m, SH), 1.14 (d, J = 6.90 Hz, 6H).
I-175 m/z: 2-(2-isopropylphenyl)-9-(4-
426.3171 (4-methyl-1H-1,2,3-triazol-
[M+H]* 1-yl)benzyl)-7,9-dihydro-
Rt (min): 8H-purin-8-one
1.3817
1-176 m/z: 443.3 | '"H NMR (300 MHz, CDCl3) & 9-(4-(5-fluoro-1-methyl-1H-
[M+H]* 11.35 (br s, 1H), 8.12 (s, 1H), 7.58 | imidazol-2-yl)benzyl)-2-(2-
Rt (min): (d, J = 2.1 Hz, 3H), 7.55-7.44 (m, isopropylphenyl)-7,9-
0.977 2H), 7.42-7.31 (m, 2H), 7.29-7.06 | dihydro-8H-purin-8-one
(m, 1H), 6.65 (d, J = 7.6 Hz, 1H),
5.16 (s, 2H), 3.58 (s, 3H), 3.52-
3.31 (m, 1H), 1.17 (d, J = 7.0 Hz,
6H).
1-177 m/z: 9-(3-fluoro-4-(1H-pyrazol-
429.2857 1-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.5706
1-178 m/z: (R)-9-(1-(4-
377.2326 fluorophenyl)ethyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.7055
I-179 m/z: (S)-9-(1-(4-
377.2653 fluorophenyl)ethyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.7055
1-180 m/z: (S)-9-(1-(4-fluorophenyl)-2-
393.2704 hydroxyethyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.4357
I-181 m/z: (S)-9-(2-hydroxy-1-
375.2513 phenylethyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
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Rt (min): dihydro-8H-purin-8-one
1.3952
I-182 m/z: 399.31 2-(2-1sopropylphenyl)-9-
[M+H]J* ((1-methyl-1H-
Rt (min): benzo[d]imidazol-5-
0.7567 yl)methyl)-7,9-dihydro-8H-
purin-8-one
1-183 m/z: 2-(2-isopropylphenyl)-9-(4-
423.2614 (methylsulfonyl)benzyl)-
[M+H]* 7,9-dihydro-8H-purin-8-one
Rt (min):
1.2975
1-184 m/z: '"H NMR (300 MHz, CDCl3) 8 9.92 | 2-(2-isopropylphenyl)-9-(4-
425.3161 (b, s, 1H), 8.25 (s, 1H), 7.78 (s, (5-methyl-1H-pyrazol-1-
[M+H]J* 1H), 7.59 (m, 5H), 7.41 (m, 2H), yl)benzyl)-7,9-dihydro-8H-
Rt (min): 7.28 (m, 1H), 6.21(s, 1H), 5.16 (m, | purin-8-one
1.5976 2H), 3.44 (m, 1H), 2.35 (s, 3H),
1.23 (d, J = 6.7 Hz, 6H).
I-185 m/z: '"H NMR (400 MHz, CD30D) 6 2-(2-isopropylphenyl)-9-(4-
426.3171 8.36 (s, 1H), 7.70-7.60 (m, 3H), (5-methyl-1H-1,2,3-triazol-
[M+H]* 7.57-7.53 (m, 2H) 7.49-7.41 (m, 1-yl)benzyl)-7,9-dihydro-
Rt (min): 3H), 7.30-7.21 (m, 1H), 5.27 (s, 8H-purin-8-one
1.3409 2H), 3.31-3.23 (m, 1H), 2.36 (s,
3H), 1.14 (d, J = 6.80 Hz, 6H).
I-186 m/z: "H NMR (300 MHz, CD30D) 6 2-(2-isopropylphenyl)-9-
414.3545 8.33 (s, 1H), 7.72 (d, J = 7.50 Hz, ((2-methyl-1-oxoisoindolin-
[M+H]* 1H), 7.62-7.50 (m, 2H), 7.48-7.35 | 5-yl)methyl)-7,9-dihydro-
Rt (min): (m, 3H), 7.27-7.22 (m, 1H), 5.25 8H-purin-8-one
1.1933 (s, 2H), 4.45 (s, 2H), 3.32-3.14 (m,
4H), 1.11 (d, J = 6.90 Hz, 6H).
1-187 m/z: 6-((2-(2-isopropylphenyl)-
428.3976 8-ox0-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-2-
Rt (min): methyl-3,4-
1.275 dihydroisoquinolin-1(2H)-
one
1-188 m/z: 2-(3-fluoro-2-
445.3015 isopropylphenyl)-9-(4-(5-
[M+H]* methyl-1,2,4-oxadiazol-3-
Rt (min): yl)benzyl)-7,9-dihydro-8H-
1.405 purin-8-one
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1-189 m/z: 2-(3-fluoro-2-
445.3235 isopropylphenyl)-9-(4-(5-
[M+H]* methyl-1,3,4-oxadiazol-2-
Rt (min): yl)benzyl)-7,9-dihydro-8H-
1.405 purin-8-one
1-190 m/z: 453.36 (R)-9-(1-(4-(3,5-dimethyl-
[M+H]* 1H-pyrazol-1-
Rt (min): yl)phenyl)ethyl)-2-(2-
1.6733 isopropylphenyl)-7,9-
dihydro-8H-purin-8-one
I-191 m/z: 453.36 (S)-9-(1-(4-(3,5-dimethyl-
[M+H]* 1H-pyrazol-1-
Rt (min): yl)phenyl)ethyl)-2-(2-
1.6733 isopropylphenyl)-7,9-
dihydro-8H-purin-8-one
1-192 m/z: '"H NMR (300 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-
535.4166 8.37-8.25 (m, 2H), 7.65-7.56 (m, (1-(oxetan-3-yl)-4-
[M+H]J* 2H), 7.53-7.35 (m, 5H), 7.34-7.19 (trifluoromethyl)-1H-
Rt (min): (m, 1H), 5.58-5.42 (m, 1H), 5.01- imidazol-2-yl)benzyl)-7,9-
1.5183 477 (m, 7TH), 3.42-3.24 (m, 1H), dihydro-8H-purin-8-one
1.13 (d, J = 6.9 Hz, 6H).
1-193 m/z: 511.42 | '"HNMR (400 MHz, CD3;0D) § 2-(3-fluoro-2-
[M+H]J* 8.33 (s, 1H), 7.70-7.53 (m, 5H), isopropylphenyl)-9-(4-(1-
Rt (min): 7.31-7.21 (m, 2H), 7.16-7.06 (m, methyl-4-(trifluoromethyl)-
1.6133 1H), 5.21 (s, 2H), 3.74 (s, 3H), 1H-imidazol-2-yl)benzyl)-
3.21-3.09 (m, 1H), 1.28-1.25 (m, 7,9-dihydro-8H-purin-8-one
6H).
1-194 m/z: '"H NMR (300 MHz, DMSO-d¢) 8 | 2-(2-isopropylphenyl)-9-(4-
493413 11.60 (s, 1H), 8.41 (s, 1H), 7.61- (5-methyl-3-
[M+H]* 7.32 (m, 7H), 7.30-7.24 (m, 1H), (trifluoromethyl)-1H-
Rt (min): 6.74 (s, 1H), 5.13 (s, 2H), 3.47- pyrazol-1-yl)benzyl)-7,9-
1.815 3.43 (m, 1H), 2.31 (s, 3H), 1.10- dihydro-8H-purin-8-one
1.06 (m, 6H).
I-195 m/z: '"H NMR (400 MHz, DMSO-d¢) 8 | 2-(2-isopropylphenyl)-9-(4-
493413 11.60 (s, 1H), 8.40 (s, 1H), 7.52- (3-methyl-5-
[M+H]J* 7.32 (m, 7H), 7.28-7.17 (m, 1H), (trifluoromethyl)-1H-
Rt (min): 6.91 (s, 1H), 5.11 (s, 2H), 3.43- pyrazol-1-yl)benzyl)-7,9-
1.8133 3.39 (m, 1H), 2.25 (s, 3H), 1.06 (d, | dihydro-8H-purin-8-one
J = 6.8 Hz, 6H).
1-196 m/z: '"H NMR (400 MHz, CD;0D) & 1-(4-((2-(2-
436.3293 8.43 (s, 1H), 8.35 (s, 1H), 7.83- isopropylphenyl)-8-o0xo0-7,8-
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[M+H]* 7.81 (m, 2H), 7.62-7.59 (m, 2H), dihydro-9H-purin-9-
Rt (min): 7.48-7.41 (m, 3H), 7.29-7.25 (m, yl)methyl)phenyl)-1H-
1.5983 1H), 7.01 (d, J = 2.4 Hz, 1H), 5.22 | pyrazole-3-carbonitrile
(s, 2H), 3.30-3.26 (m, 1H), 1.15 (d,
J =7.2 Hz, 6H).
1-197 m/z: 9-(3-(1H-pyrazol-1-
411.3013 yDbenzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.525
1-198 m/z: 459.34 | 'TH NMR (400 MHz, DMSO-de) 6 9-(4-(4-chloro-1-methyl-
[M+H]* 11.65 (brs, 1H), 8.41 (s, 1H), 7.65 | 1H-imidazol-2-yl)benzyl)-
Rt (min): (d, J = 8.0 Hz, 2H), 7.52-7.50 (m, 2-(2-isopropylphenyl)-7,9-
1.465 1H), 7.48-7.34 (m, SH), 7.26-7.23 | dihydro-8H-purin-8-one
(m, 1H), 5.10 (s, 2H), 3.69 (s, 3H),
3.48-3.41 (m, 1H), 1.10(d, J = 6.8
Hz, 6H).
1-199 m/z: '"H NMR (400 MHz, CD;0D) 1-(4-((2-(2-
461.3603 08.36 (s, 1H), 7.80-7.73 (m, 3H), isopropylphenyl)-8-o0xo0-7,8-
[M+H]J* 7.70-7.61 (m, 2H), 7.50-7.37 (m, dihydro-9H-purin-9-
Rt (min): 3H), 7.28-7.24 (m, 1H), 5.27 (s, yl)methyl)phenyl)-1H-
1.61 2H), 3.29-3.24 (m, 1H), 1.14 (d, J pyrazole-3,5-dicarbonitrile
= 7.2 Hz, 6H).
1-200 m/z: 440.36 | 'H NMR (300 MHz, DMSO-ds) § 9-(4-(2,5-dimethyloxazol-4-
[M+H]* 11.59 (br s, 1H), 8.40 (s, 1H), 7.60- | yl)benzyl)-2-(2-
Rt (min): 7.58 (m, 2H), 7.52-7.50 (m, 1H), isopropylphenyl)-7,9-
1.595 7.43-7.37 (m, 4H), 7.27-7.23 (m, dihydro-8H-purin-8-one
1H), 5.05 (s, 2H), 3.46-3.42 (m,
1H), 2.45 (s, 3H), 2.38 (s, 3H),
1.08 (d, J = 6.8 Hz, 6H).
1-201 m/z: '"H NMR (400 MHz, CD;0D) & 2-(3-fluoro-2-
553.5312 8.33 (s, 1H), 8.28 (s, 1H), 7.59 (d, | isopropylphenyl)-9-(4-(1-
[M+H]J* J=8.0Hz, 2H), 7.47 (d, J = 8.0 (oxetan-3-yl)-4-
Rt (min): Hz, 2H), 7.32-7.21 (m, 2H), 7.17- (trifluoromethyl)-1H-
1.5633 7.08 (m, 1H), 5.55-5.43 (m, 1H), imidazol-2-yl)benzyl)-7,9-
5.22 (s, 2H), 4.99-4.91 (m, 2H), dihydro-8H-purin-8-one
4.84-4.78 (m, 2H), 3.23-3.11 (m,
1H), 1.28 (d, J = 6.8 Hz, 6H).
1-202 m/z: 499.46 | '"H NMR (400 MHz, CD30D) § 2-(3-fluoro-2-
[M+H]* 8.33 (s, 1H), 7.55 (d, J = 8.0 Hz, isopropylphenyl)-9-(4-(4-
Rt (min): 2H), 7.50-7.38 (m, 3H), 7.34-7.24 | methyl-1-(oxetan-3-yl)-1H-
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0.86 (m, 2H), 7.19-7.09 (m, 1H), 5.49- imidazol-2-yl)benzyl)-7,9-

5.37 (m, 1H), 5.22 (s, 2H), 5.02- dihydro-8H-purin-8-one
4.90 (m, 2H), 4.88-4.78 (m, 2H),
3.24-3.12 (m, 1H), 2.27 (s, 3H),
1.30 (d, J = 6.8 Hz, 6H).
1-203 m/z: 440.36 9-((6-(1,4-dimethyl-1H-

[M+H]* imidazol-2-yl)pyridin-3-

Rt (min): yl)methyl)-2-(2-
isopropylphenyl)-7,9-
dihydro-8H-purin-8-one

1-204 m/z: "H NMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-

441.4002 8.33 (s, 1H), 8.02 (d, J = 2.8 Hz, (3-methoxy-1H-pyrazol-1-

[M+H]* 1H), 7.66-7.62 (m, 2H), 7.55-7.41 | yl)benzyl)-7,9-dihydro-8H-

Rt (min): (m, 5H), 7.29-7.26 (m, 1H), 5.94 purin-8-one

1.6167 (d,J = 2.8 Hz, 1H), 5.16 (s, 2H),

3.94 (d, J = 2.8 Hz, 3H), 3.34-3.24
(m, 1H), 1.16 (d, J = 6.8 Hz, 6H).
I-205 m/z: 441.4 | '"H NMR (400 MHz, CD3;0D) § 2-(2-isopropylphenyl)-9-(4-

[M+H]* 8.32 (s, 1H), 7.76 (d, J = 3.60 Hz (2-methyl-5-0x0-2,5-

Rt (min): ,1H), 7.63 (d, J = 8.40 Hz ,2H), dihydro-1H-pyrazol-1-

1.1117 7.46-7.41 (m, 3H), 7.39-7.34 (m, yl)benzyl)-7,9-dihydro-8H-

2H), 7.27-7.23 (m, 1H), 5.48 (d, J | purin-8-one
=3.60 Hz ,1H), 5.20 (s, 2H), 3.35-
3.32 (m, 1H), 3.22 (s, 3H), 1.23-
1.13 (m, 6H).
1-206 m/z: '"H NMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-

441.4005 8.34 (s, 1H), 7.61 (d, J = 8.8 Hz, (5-methoxy-1H-pyrazol-1-

[M+H]* 2H), 7.54-7.41 (m, 6H), 7.30-7.26 | yl)benzyl)-7,9-dihydro-8H-

Rt (min): (m, 1H), 5.85(d, J =2.0 Hz, 1H), | purin-8-one

1.505 5.19 (s, 2H), 3.97 (s, 3H), 3.32-

3.27 (m, 1H), 1.15 (d, J = 6.8 Hz,
6H).
1-207 m/z: '"H NMR (300 MHz, DMSO-ds) & 1-(4-((2-(2-

450.401 11.52 (brs, 1H), 8.43 (s, 1H), 7.58 | isopropylphenyl)-8-oxo0-7,8-

[M+H]J* (d, J = 8.4 Hz, 2H), 7.52-7.50 (m, dihydro-9H-purin-9-

Rt (min): 3H), 7.44-7.37 (m, 2H), 7.28-7.22 yl)methyl)phenyl)-5-

1.625 (m, 1H), 6.98 (s, 1H), 5.14 (s, 2H), | methyl-1H-pyrazole-3-

3.48-3.35 (m, 1H), 2.32 (s, 3H), carbonitrile
1.09 (d, J = 6.90 Hz, 6H).
1-208 m/z: '"H NMR (300 MHz, DMSO-ds) & 1-(4-((2-(2-
450.3727 8.42 (s, 1H), 7.67 (d, J = 8.4 Hz, isopropylphenyl)-8-o0xo0-7,8-
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[M+H]* 2H), 7.55-7.52 (m, 3H),7.44- dihydro-9H-purin-9-
Rt (min): 7.37(m, 2H), 7.27-7.22 (m, 2H), yl)methyl)phenyl)-3-
1.6683 5.13 (s, 2H), 3.48-3.37 (m, 1H), methyl-1H-pyrazole-5-
2.32 (s,3H), 1.08 (d, J = 6.9 Hz, carbonitrile
6H).
1-209 m/z: 2-(2-1sopropylphenyl)-9-(4-
494.3882 (1-methyl-3-
[M+H]J* (trifluoromethyl)-1H-1,2,4-
Rt (min): triazol-5-yl)benzyl)-7,9-
1.6516 dihydro-8H-purin-8-one
1-210 m/z: "H NMR (400 MHz, DMSO-d¢) & | 9-(4-(3-chloro-5-methyl-
459.3448 11.58 (br s, 1H), 8.39 (s, 1H), 7.50- | 1H-pyrazol-1-yl)benzyl)-2-
[M+H]J* 7.44 (m, 5SH), 7.41-7.37 (m, 2H), (2-isopropylphenyl)-7,9-
Rt (min): 7.24-7.20 (m, 1H), 6.34 (s, 1H), dihydro-8H-purin-8-one
1.7817 5.09 (s, 2H), 3.45-3.38 (m, 1H),
2.25 (s, 3H), 1.08-1.02 (m, 6H).
1-211 m/z: '"H NMR (400 MHz, CD30D) § 9-(4-(5-chloro-3-methyl-
459.3448 8.33 (s, 1H), 7.59-7.57 (m, 2H), 1H-pyrazol-1-yl)benzyl)-2-
[M+H]J* 7.49-7.38 (m, SH), 7.27-7.23 (m, (2-isopropylphenyl)-7,9-
Rt (min): 1H), 6.32 (s, 1H), 5.21 (s, 2H), dihydro-8H-purin-8-one
1.7864 3.35-3.31 (m, 1H), 2.26 (s, 3H),
1.19-1.13 (m, 6H).
1-212 m/z: 445.4 | 'TH NMR (400MHz, CD3;0D) § 9-(((1s,4s)-4-(3,5-dimethyl-
[M+H]J* 8.30 (s, 1H), 7.48-7.40 (m, 3H), 1H-pyrazol-1-
Rt (min): 7.28-7.24(m, 1H), 5.76 (s, 1H), yl)cyclohexyl)methyl)-2-(2-
1.5142 4.04-4.00 (m, 1H), 3.87-3.85 (m, isopropylphenyl)-7,9-
2H),3.39-3.30 (m, 1H), 2.21 (s, dihydro-8H-purin-8-one
3H), 2.08-2.01 (m, 4H), 1.88-1.84
(m, 6H), 1.39-1.32 (m, 8H).
1-213 m/z: 445.4 | 'THNMR (400 MHz, CDCl3) 8 8.29 | 9-(((1r,4r)-4-(3,5-dimethyl-
[M+H]* (s, 1H), 7.44-7.37 (m, 3H), 7.25- 1H-pyrazol-1-
Rt (min): 7.20 (m, 1H), 5.79 (s, 1H), 4.17- yl)cyclohexyl)methyl)-2-(2-
1.5667 4.15 (m, 2H), 4.09-4.02 (m, 1H), isopropylphenyl)-7,9-
3.56-3.29 (m, 1H), 2.40-2.38 (m, dihydro-8H-purin-8-one
1H), 2.33-2.22 (m, 5H), 2.15 (s,
3H), 1.84-1.81 (m, 2H), 1.76-1.70
(m, 4H), 1.17 (d, J = 6.80 Hz, 6H).
1-214 m/z: 507.4 | '"HNMR (400 MHz, CD3;0D) § (R)-2-(2-1sopropylphenyl)-
[M+H]* 8.31 (d, J = 2.80 Hz, 1H), 7.67- 9-(1-(4-(1-methyl-4-
Rt (min): 7.61 (m, 5SH), 7.45-7.38 (m, 3H), (trifluoromethyl)-1H-
1.6617 7.27-7.22 (m, 1H), 5.91-5.83 (m, imidazol-2-
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1H), 3.75 (s, 3H), 3.42-3.32 (m, yl)phenyl)ethyl)-7,9-
1H), 2.10 (d, J = 7.20 Hz, 3H), dihydro-8H-purin-8-one
1.21-1.10 (m, 6H).
I-215 m/z: 507.4 | '"HNMR (400 MHz, CD3;0D) § (S)-2-(2-1sopropylphenyl)-
[M+H]* 8.31 (s, 1H), 7.70-7.59 (m, SH), 9-(1-(4-(1-methyl-4-
Rt (min): 7.47-7.36 (m, 3H), 7.29-7.20 (m, (trifluoromethyl)-1H-
1.6609 1H), 5.93-5.83 (m, 1H), 3.75 (s, imidazol-2-
3H), 3.42-3.32 (m, 1H), 2.10 (d, J | yl)phenyl)ethyl)-7,9-
=7.60 Hz, 3H), 1.21-1.10 (m, 6H). | dihydro-8H-purin-8-one
1-216 m/z: 9-(4-(3,3-dimethyloxetan-2-
429.2632 yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.7009
1-217 m/z: N-(3-((2-(2-
402.1073 isopropylphenyl)-8-oxo0-7,8-
[M+H]* dihydro-9H-purin-9-
Rt (min): yl)methyl)phenyl)acetamide
1.26
I-218 m/z: N-(4-((2-(2-
402.1415 isopropylphenyl)-8-0x0-7,8-
[M+H]* dihydro-9H-purin-9-
Rt (min): yl)methyl)phenyl)acetamide
1.22
1-219 m/z: 493.35 | 'TH NMR (400 MHz, CD30D) & 2-(2-isopropylphenyl)-9-(4-
[M+H]* 8.33 (s, 1H), 7.63-7.58 (m, 4H), (1-methyl-5-
Rt (min): 7.53-7.52 (m, 1H), 7.46-7.38 (m, (trifluoromethyl)-1H-
1.5436 3H), 7.26-7.22 (m, 1H), 5.22 (s, imidazol-2-yl)benzyl)-7,9-
2H), 3.75 (s, 3H), 3.35-3.28 (m, dihydro-8H-purin-8-one
1H), 1.15(d, J = 7.2 Hz, 6H).
1-220 m/z: "H NMR (300MHz, CDCl3): § 9.47 | tert-butyl 4-fluoro-4-((2-(2-
470.4105 (s, 1H), 8.30 (s, 1H), 7.49 (d, J = isopropylphenyl)-8-o0xo0-7,8-
[M+H]* 7.3 Hz, 1H), 7.39-7.31 (m, 2H), dihydro-9H-purin-9-
Rt (min): 7.21 (brd, J =7.9 Hz, 1H), 4.09 yl)methyl)piperidine-1-
1.6785 (brd,J = 18.5 Hz, 2H), 3.94 (brs, | carboxylate
2H), 3.40 (br d, J = 6.7 Hz, 1H),
2.97 (br s, 2H), 1.78 (m, 2H), 1.72-
1.57 (m, 2H), 1.37 (s, 9H), 1.16 (d,
J = 6.7 Hz, 6H).
I-221 m/z: 2-(2-isopropylphenyl)-9-(4-
494.3265 (4-(piperidin-4-yl)-1H-
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[M+H]* pyrazol-1-yl)benzyl)-7,9-
Rt (min): dihydro-8H-purin-8-one
1.06
1-222 m/z: 480.19 | "TH NMR (400 MHz, CDCls) 6 8.30 | 2-(2-isopropylphenyl)-9-(4-
[M+H]J* (s, 1H), 7.77 (s, 1H), 7.57-7.50 (m, | (3-(pyrrolidin-3-yl)-1H-
Rt (min): SH), 7.45-7.40 (m, 2H), 7.29-7.26 | pyrazol-1-yl)benzyl)-7,9-
0.88 (m, 1H), 6.26 (s, 1H), 5.14 (s, 2H), | dihydro-8H-purin-8-one
3.54-3.45 (m, 2H), 3.44-3.30 (m,
1H), 3.20-3.15 (m, 1H), 3.13-2.91
(m, 2H), 2.27-2.18 (m, 1H), 2.04-
1.95 (m, 1H), 1.25-1.21 (m, 6H).
1-223 m/z: 494.23 | 'TH NMR (400 MHz, CD30D) § 2-(2-isopropylphenyl)-9-(4-
[M+H]* 8.30 (s, 1H), 8.10 (s, 1H), 7.69- (3-(piperidin-3-yl)-1H-
Rt (min): 7.67 (m, 2H), 7.53-7.50 (m, 2H), pyrazol-1-yl)benzyl)-7,9-
0.92 7.45-7.38 (m, 3H), 7.27-7.23 (m, dihydro-8H-purin-8-one
1H), 6.37 (s, 1H), 5.16 (s, 2H),
3.30-3.24 (m, 1H), 3.13-3.10 (m,
1H), 2.98-2.88 (m, 2H), 2.76-2.73
(m, 1H), 2.14-2.11 (m,1H), 1.85-
1.83 (m,1H), 1.78-1.66 (m, 2H),
1.29 (s, 1H), 1.14-1.12 (m, 6H).
1-224 m/z: 494.21 (R)-2-(2-1sopropylphenyl)-
[M+H]J* 9-(4-(3-(piperidin-3-yl)-1H-
Rt (min): pyrazol-1-yl)benzyl)-7,9-
0.92 dihydro-8H-purin-8-one
1-225 m/z: 494.23 (S)-2-(2-1sopropylphenyl)-
[M+H]J* 9-(4-(3-(piperidin-3-yl)-1H-
Rt (min): pyrazol-1-yl)benzyl)-7,9-
0.92 dihydro-8H-purin-8-one
1-226 m/z: '"H NMR (300MHz, CDCI3) & 9-(1-(4-(1H-pyrazol-1-
437.3696 10.03-9.90 (m, 1H), 8.29 (s, 1H), yDphenyl)cyclopropyl)-2-
[M+H]* 7.77 (d, J = 2.3 Hz, 1H), 7.61 (d, J | (2-isopropylphenyl)-7,9-
Rt (min): = 1.2 Hz, 1H), 7.57-7.47 (m, 5H), dihydro-8H-purin-8-one
1.5706 7.42-7.33 (m, 2H), 7.26-7.19 (m,
1H), 6.35(d, J = 2.1 Hz, 1H), 3.46
(brd, J = 6.7 Hz, 1H), 1.70-1.51
(m, 4H), 1.17 (d, J = 6.7 Hz, 6H).
1-227 m/z: '"H NMR (300MHz, CDCl3) § 9.62 | 9-(1-(4-
389.2778 (brs, 1H), 8.22 (s, 1H), 7.55 (d, J fluorophenyl)cyclopropyl)-
[M+H]J* =7.6 Hz, 1H), 7.51-7.43 (m, 2H), 2-(2-isopropylphenyl)-7,9-
Rt (min): 7.43-7.34 (m, 2H), 7.27-7.20 (m, dihydro-8H-purin-8-one
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1.6785 1H), 6.91-6.86 (m, 2H), 3.57-3.45
(m, 1H), 1.65-1.58 (m, 4H), 1.19
(d, J = 6.7 Hz, 6H).
Library Protocol A.
i. DIAD, Ph3P R
OH MeOH, 50 °C o
NN - NN
[ =0 ji. DIAD, PhsP, J: >=0
Ny ~~N ROH (B), 50 °C Ny~>N
H ’ \
(A)
[00497] Note: All reagents in this protocol were used as 0.2M solutions in anhydrous

THF. Under an atmosphere of nitrogen, a mixture of phenol (A) (either Intermediate B-94 or B-
96) (150 uL, 0.030 mmol), MeOH (165 uL, 0.033 mmol) and triphenylphosphine (180 pL, 0.036
mmol) was treated with diisopropyl azodicarboxylate (180 uL, 0.036 mmol) and the mixture was
heated to 50 °C. After 2 h, additional triphenylphosphine (180 uL, 0.036 mmol) and diisopropyl
azodicarboxylate (180 pL, 0.036 mmol) were added and the mixture heated to 50 °C for 2 h. The
solution was concentrated, taken up in anhydrous THF (400 uL), and alcohol (B) (150 pul, 30.0
umol) and triphenylphosphine (150 ul, 30.0 umol) were added. The vial was flushed with
nitrogen, diisopropyl azodicarboxylate (180 uL, 0.036 mmol) was added, and the reaction
mixture was heated to 50 °C. After 2 h, additional triphenylphosphine (180 uL, 0.036 mmol) and
diisopropyl azodicarboxylate (180 uL, 0.036 mmol) were added and the mixture stirred another 2
h at 50 °C. The reaction mixture was concentrated and partitioned between 1N NaOH (0.5 mL)
and EtOAc (0.5 mL). The organic layer was separated and the aqueous phase was extracted with
EtOAc. The combined organic extracts were concentrated to afford the crude product, which
was purified by mass-triggered preparatory HPLC. The product-containing fractions were

combined and concentrated in a Genevac to afford the desired product.

Table S. The following compounds were synthesized according to Library Protocol A:

Cmpd no. LCMS Chemical Name
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1-228 m/z: 429.2763 | 9-(4-(cyclopropylmethoxy)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.91

1-229 m/z: 459.2066 | 2-(2-isopropylphenyl)-7-methyl-9-(4-((tetrahydrofuran-3-
[M+H]* yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7

1-230 m/z: 486.3091 2-(2-isopropylphenyl)-7-methyl-9-(4-((1-methylpiperidin-
[M+H]* 3-yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.21

1-231 m/z: 466.2258 | 2-(2-isopropylphenyl)-7-methyl-9-(4-(pyridin-2-
[M+H]* ylmethoxy)benzyl)-7,9-dihydro-8 H-purin-8-one
Rt (min): 1.64

1-232 m/z: 469.2157 | 2-(2-isopropylphenyl)-7-methyl-9-(4-((1-methyl-1H-
[M+H]* imidazol-5-yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-

y y y y P

Rt (min): 1.16 one

1-233 m/z: 446.2729 9-(4-(2-(dimethylamino)ethoxy)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.11

1-234 m/z: 460.2465 | 9-(4-(3-(dimethylamino)propoxy)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one

propylpheny. y y P

Rt (min): 1.16

1-235 m/z: 470.2162 | 2-(2-isopropylphenyl)-7-methyl-9-(4-((5-methylisoxazol-
[M+H]* 3-yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.73

I-236 m/z: 447.2477 | 9-(4-(2-ethoxyethoxy)benzyl)-2-(2-isopropylphenyl)-7-
[M+H]* methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.76

1-237 m/z: 429.2447 | 9-(4-cyclobutoxybenzyl)-2-(2-isopropylphenyl)-7-
[M+H]* methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.99

1-238 m/z: 459.2066 | 2-(2-isopropylphenyl)-7-methyl-9-(4-((tetrahydro-2H-
[M+H]* pyran-4-yl)oxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7

1-239 m/z: 429.2409 | 9-(3-(cyclopropylmethoxy)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.93

1-240 m/z: 459.24 2-(2-isopropylphenyl)-7-methyl-9-(3-((tetrahydrofuran-3-
[M+H]* yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.73

1-241 m/z: 486.3091 2-(2-1sopropylphenyl)-7-methyl-9-(3-((1-methylpiperidin-
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[M+H]* 3-yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.23
1-242 m/z: 466.226 2-(2-1sopropylphenyl)-7-methyl-9-(3-(pyridin-2-
[M+H]* ylmethoxy)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.66
1-243 m/z: 469.2407 | 2-(2-isopropylphenyl)-7-methyl-9-(3-((1-methyl-1H-
[M+H]* imidazol-5-yl)methoxy)benzyl)-7,9-dihydro-8H-purin-8-
Rt (min): 1.18 one
1-244 m/z: 446.2659 9-(3-(2-(dimethylamino)ethoxy)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.12
1-245 m/z: 460.2729 9-(3-(3-(dimethylamino)propoxy)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.17
1-246 m/z: 429.2447 | 9-(3-cyclobutoxybenzyl)-2-(2-isopropylphenyl)-7-
[M+H]* methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 2.01
Library Protocol B.
X-R; (B)
o] R;
f@é ? XPhos Pd G f@
o NaOH N_ N
R ~
N 1
R4 - | N>:o dioxane, 160 °C NJN>:O
N~ N microwave \R
\ 2
R Ry=H,F
(A) R2 = H, CH3

[00498]

Under nitrogen, a mixture of boronic ester (A) (either Intermediate B-79, B-83, B-

86 or B-101) (0.2M in dioxane, 150 puL, 30.0 umol), aryl halide (B) (0.2M in dioxane, 225 pL,
45.0 umol), IN NaOH (100 pL, 100 pmol) and XPhos Pd G1 (0.02M in dioxane, 70 uL, 1.400
umol) was heated for 20 min at 160 °C in a Biotage Initiator microwave. The reaction mixture
was concentrated and partitioned between 1N NaOH (0.5 mL) and EtOAc (0.5 mL). The organic
layer was separated and the aqueous phase was extracted with EtOAc. The combined organic

extracts were concentrated to afford the crude product, which was purified by mass-triggered

291
139258290 v1
05/20/20



preparatory HPLC. The product-containing fractions were combined and concentrated in a

FOTH-026/01WO (314575-2221)

Genevac to afford the desired product.

Table 6. The following compounds were synthesized according to Library Protocol B.

Table 6.
Cmpd no. LCMS Chemical Name

1-247 m/z: 423.0857 2-(2-isopropylphenyl)-9-(4-(pyrazin-2-yl)benzyl)-7,9-
[M+H]* dihydro-8H-purin-8-one
Rt (min): 1.43

1-248 m/z: 492.2152 9-((3'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-
[M+H]* yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
Rt (min): 1.23 purin-8-one

1-249 m/z: 492.2184 9-((4'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-
[M+H]* yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
Rt (min): 1.19 purin-8-one

I-250 m/z: 508.2132 2-(2-1sopropylphenyl)-9-(4-(6-morpholinopyrimidin-4-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.27

I-251 m/z: 425.1005 2-(2-isopropylphenyl)-9-(4-(1-methyl-1H-imidazol-5-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.01

1-252 m/z: 439.1402 9-(4-(1,5-dimethyl-1H-pyrazol-4-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.42

1-253 m/z: 440.0798 9-(4-(3,5-dimethylisoxazol-4-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.59

1-254 m/z: 483.1449 2-(4-(4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)phenyl)-1-methyl-1H-pyrazol-5-
Rt (min): 1.22 yl)acetic acid

I-255 m/z: 423.0856 2-(2-isopropylphenyl)-9-(4-(pyrimidin-2-yl)benzyl)-
[M+H]* 7,9-dihydro-8H-purin-8-one
Rt (min): 1.48

I-256 m/z: 425.1726 2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-pyrazol-5-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.02

1-257 m/z: 439.1 2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
[M+H]* imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.04
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I-258 m/z: 453.16 9-(4-(1,4-dimethyl-1H-imidazol-2-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 0.88

1-259 m/z: 522.29 9-((2'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-
[M+H]* yl)methyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
Rt (min): 1.11 dihydro-8H-purin-8-one

1-260 m/z: 522.29 9-((3'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-
[M+H]* yD)methyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
Rt (min): 1.08 dihydro-8H-purin-8-one

1-261 m/z: 522.24 9-((4'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-
[M+H]* yD)methyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
Rt (min): 1.06 dihydro-8H-purin-8-one

1-262 m/z: 506.25 9-((4'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-
[M+H]* yDmethyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
Rt (min): 1.06 dihydro-8H-purin-8-one

1-263 m/z: 522.24 2-(2-isopropylphenyl)-7-methyl-9-(4-(6-
[M+H]* morpholinopyrimidin-4-yl)benzyl)-7,9-dihydro-8H-
Rt (min): 1.1 purin-8-one

1-264 m/z: 439.18 2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
[M+H]* imidazol-5-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 0.88

1-265 m/z: 481.2228 9-(4-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-3-
[M+H]* ylbenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
Rt (min): 1.54 8H-purin-8-one

1-266 m/z: 476.16 9-(4-([1,2,4]triazolo[1,5-a]pyridin-5-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.54

1-267 m/z: 476.1638 9-(4-(benzo[d]isoxazol-7-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.77

1-268 m/z: 475.189 9-(4-(1H-indazol-7-yl)benzyl)-2-(2-isopropylphenyl)-7-
[M+H]* methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.76

1-269 m/z: 475.19 9-(4-(imidazo[ 1,2-a]pyridin-8-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 0.94

1-270 m/z: 475.19 9-(4-(imidazo[1,2-a]pyridin-5-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 0.95

I-271 m/z: 439.18 2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
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[M+H]* imidazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min):

1-272 m/z: 440.1596 2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
[M+H]* 1,2,4-triazol-3-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.38

1-273 m/z: 425.2638 2-(2-isopropylphenyl)-9-(4-(1-methyl-1H-imidazol-4-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 2.3761

1-274 m/z: 426.12 2-(2-isopropylphenyl)-9-(4-(1-methyl-1H-1,2,4-triazol-
[M+H]* 3-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min):

I-275 m/z: 453.36 9-(4-(1-isopropyl-1H-imidazol-4-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 0.9183

1-276 m/z: 453.36 9-(4-(1,2-dimethyl-1H-imidazol-4-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 0.8827

1-277 m/z: 467.38 9-(4-(1-1sopropyl-1H-imidazol-4-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 0.9771

1-278 m/z: 483.4002 3-(4-((2-(2-isopropylphenyl)-7-methyl-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)phenyl)-1-methyl-1H-
Rt (min): 1.4357 | 1,2,4-triazole-5-carboxamide

1-279 | m/z: 454.34 9-(4-(1,5-dimethyl-1H-1,2,4-triazol-3-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3892

1-280 m/z: 508.3663 2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-5-
[M+H]* (trifluoromethyl)-1H-1,2,4-triazol-3-yl)benzyl)-7,9-
Rt (min): 1.8404 | dihydro-8H-purin-8-one

I-281 m/z: 470.3911 2-(2-isopropylphenyl)-9-(4-(5-methoxy-1-methyl-1H-
[M+H]* 1,2,4-triazol-3-yl)benzyl)-7-methyl-7,9-dihydro-8H-
Rt (min): 1.62 purin-8-one

1-282 m/z: 525.47 2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-5-
[M+H]* morpholino-1H-1,2,4-triazol-3-yl)benzyl)-7,9-dihydro-
Rt (min): 1.5302 | 8H-purin-8-one

1-283 m/z: 454.34 9-(4-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3517

1-284 m/z: 467.37 9-(4-(1-isopropyl-1H-pyrazol-5-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
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Rt (min): 1.773

I-285 m/z: 440.2952 2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
[M+H]* 1,2,3-triazol-5-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4334

1-286 m/z: 476.38 9-(4-([1,2,4]triazolo[4,3-a]pyridin-3-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min):

1-287 m/z: 440.2953 2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-
[M+H]* 1,2,3-triazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4222

1-288 m/z: 469.36 9-(4-(5-(hydroxymethyl)-1-methyl-1H-imidazol-4-
[M+H]* yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
Rt (min): 0.825 8H-purin-8-one

1-289 m/z: 476.31 9-(4-(imidazo[1,2-a]pyrazin-8-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4959

1-290 m/z: 440.3368 2-(2-isopropylphenyl)-7-methyl-9-(4-(4-methyloxazol-
[M+H]* 2-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7325

I-291 m/z: 462.34 9-(4-(imidazo[ 1,2-a]pyrazin-8-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3534

1-292 m/z: 511.42 2-(2-isopropylphenyl)-9-(4-(1-methyl-5-morpholino-
[M+H]* 1H-1,2,4-triazol-3-yl)benzyl)-7,9-dihydro-8H-purin-8-
Rt (min): 1.3952 | one

1-293 m/z: 494.3611 2-(2-isopropylphenyl)-9-(4-(1-methyl-5-
[M+H]* (trifluoromethyl)-1H-1,2,4-triazol-3-yl)benzyl)-7,9-
Rt (min): 1.7055 | dihydro-8H-purin-8-one

1-294 m/z: 440.36 9-(4-(1,5-dimethyl-1H-1,2,4-triazol-3-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.27

1-295 m/z: 456.3541 2-(2-isopropylphenyl)-9-(4-(5-methoxy-1-methyl-1H-
[M+H]* 1,2,4-triazol-3-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4762

1-296 m/z: 440.36 9-(4-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.2334

1-297 m/z: 455.35 9-(4-(5-(hydroxymethyl)-1-methyl-1H-imidazol-4-
[M+H]* yDbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
Rt (min): 0.7613 | purin-8-one
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1-298 m/z: 426.3171 2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-1,2,3-triazol-
[M+H]* 5-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.719

1-299 m/z: 453.37 9-(4-(1-1sopropyl-1H-pyrazol-5-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.638

1-300 m/z: 442.34 2-(2-isopropylphenyl)-9-(4-(5-methylthiazol-4-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.638

1-301 m/z: 456.35 9-(4-(2,5-dimethylthiazol-4-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7083

1-302 m/z: 458.34 9-(4-(5-(hydroxymethyl)thiazol-4-yl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.2917

1-303 m/z: 456.3541 2-(2-isopropylphenyl)-7-methyl-9-(4-(5-methylthiazol-
[M+H]* 4-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7476

1-304 m/z: 470.4 9-(4-(2,5-dimethylthiazol-4-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.86

1-305 m/z: 472.39 9-(4-(5-(hydroxymethyl)thiazol-4-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4183

1-306 m/z: 476.38 2-(2-isopropylphenyl)-9-(4-(6-methylimidazo[1,2-
[M+H]* a]pyrazin-8-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4184

1-307 m/z: 457.38 9-(4-(1,4-dimethyl-1H-imidazol-2-yl)benzyl)-2-(3-
[M+H]* fluoro-2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one
Rt (min): 0.88

1-308 m/z: 443.3 2-(3-fluoro-2-isopropylphenyl)-9-(4-(1-methyl-1H-
[M+H]* imidazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 0.8783

1-309 m/z: 439.32 (R)-2-(2-isopropylphenyl)-9-(1-(4-(1-methyl-1H-
[M+H]* imidazol-2-yl)phenyl)ethyl)-7,9-dihydro-8H-purin-8-
Rt (min): 0.85 one

1-310 m/z: 439.32 (S)-2-(2-isopropylphenyl)-9-(1-(4-(1-methyl-1H-
[M+H]* imidazol-2-yl)phenyl)ethyl)-7,9-dihydro-8H-purin-8-
Rt (min): one
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Library Protocol C.

H
CF, R/ VR, CFs,
N (A) Ry N
! NN »
ENJV\F( K®/<'f DIEA, DVA EI(\RZ N
= N N NN N
o’
o 160 °C, 30 min J: =0

N microwave H
B-108
[00499] A microwave reaction vial was charged with Intermediate B-108 (0.2M in DMF,

150 pL, 30.0 pmol), amine (A) (0.2 M in dioxane, 300 uL, 60 umol) and DIEA (15 uL, 86
umol) and was heated for 30 min at 160 °C in a Biotage microwave reactor. The volatiles were
removed under reduced pressure and the residue was partitioned between 1N NaOH (0.5 mL)
and EtOAc (0.5 mL). The organic layer was separated and the aqueous phase was extracted with
EtOAc. The combined organic extracts were concentrated to afford the crude product, which
was purified by mass-triggered preparatory HPLC. The product-containing fractions were

combined and concentrated in a Genevac to afford the desired product.

[00500] Table 7. The following compounds were synthesized according to Library
Protocol C.
Table 7.
Cmpd no. LCMS Chemical Name
1-311 m/z: 481.3203 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-(methylamino)pyridin-3-yl)-7,9-

Rt (min): 0.7747 | dihydro-8H-purin-8-one

1-312 m/z: 495.3634 2-(2-(ethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-

Rt (min): 0.8287 | dihydro-8H-purin-8-one

I-313 m/z: 509.4066 2-(2-(isopropylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* [M+H]* | (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-

Rt (min): 0.8692 | dihydro-8H-purin-8-one

1-314 m/z: 507.378 2-(2-(cyclopropylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-

Rt (min): 0.8258 | dihydro-8H-purin-8-one

1-315 m/z: 539.4428 2-(2-((2-ethoxyethyl)amino)pyridin-3-yl)-9-(4-(1-
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[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 0.8827 | 7,9-dihydro-8H-purin-8-one

I-316 m/z: 521.4239 2-(2-(cyclobutylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 0.9097 | dihydro-8H-purin-8-one

1-317 m/z: 539.4428 2-(2-((1-methoxypropan-2-yl)amino)pyridin-3-yl)-9-(4-
[M+H]* (1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
Rt (min): 0.8827 | yl)benzyl)-7,9-dihydro-8H-purin-8-one

1-318 m/z: 552.4452 N,N-dimethyl-2-((3-(9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-8-0x0-8,9-
Rt (min): 0.8283 | dihydro-7H-purin-2-yl)pyridin-2-yl)amino)acetamide

1-319 m/z: 539.4429 (R)-2-(2-((1-methoxypropan-2-yl)amino)pyridin-3-yl)-
[M+H]* 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
Rt (min): 0.8827 | yl)benzyl)-7,9-dihydro-8H-purin-8-one

1-320 m/z: 551.47 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-(((tetrahydrofuran-2-
Rt (min): 0.8692 | yl)methyl)amino)pyridin-3-yl)-7,9-dihydro-8H-purin-8-

one

I-321 m/z: 551.47 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-((tetrahydro-2H-pyran-4-
Rt (min): 0.8533 | yl)amino)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one

1-322 m/z: 537.4274 (S)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-((tetrahydrofuran-3-yl)amino)pyridin-3-
Rt (min): 0.8667 | yl)-7,9-dihydro-8H-purin-8-one

1-323 m/z: 495.3634 2-(2-(dimethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 0.7567 | dihydro-8H-purin-8-one

1-324 m/z: 523.4182 2-(2-(diethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 0.8827 | dihydro-8H-purin-8-one

1-325 m/z: 521.4343 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-(pyrrolidin-1-yl)pyridin-3-yl)-7,9-
Rt (min): 0.7442 | dihydro-8H-purin-8-one

1-326 m/z: 535.4121 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yDbenzyl)-2-(2-(piperidin-1-yl)pyridin-3-yl)-7,9-
Rt (min): 0.8827 | dihydro-8H-purin-8-one

1-327 m/z: 539.4428 2-(2-((2-methoxyethyl)(methyl)amino)pyridin-3-yl)-9-
[M+H]* (4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
Rt (min): 0.8287 | yl)benzyl)-7,9-dihydro-8H-purin-8-one

1-328 m/z: 550.5 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-

139258290 v1
05/20/20

298




FOTH-026/01WO (314575-2221)

Cmpd no. LCMS Chemical Name
[M+H]* yDbenzyl)-2-(2-(4-methylpiperazin-1-yl)pyridin-3-yl)-
Rt (min): 0.7342 | 7,9-dihydro-8H-purin-8-one
1-329 m/z: 603.5 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
(M+H)+ [M+H]* | yD)benzyl)-2-(2-(4-(trifluoromethyl)piperidin-1-
Rt (min): 1.166 yDpyridin-3-yl)-7,9-dihydro-8H-purin-8-one
1-330 m/z: 523.3847 2-(2-(isopropyl(methyl)amino)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 0.8692 | 7,9-dihydro-8H-purin-8-one
1-331 m/z: 509.4065 2-(2-(ethyl(methyl)amino)pyridin-3-yl)-9-(4-(1-methyl-
[M+H]* 4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 0.8287 | dihydro-8H-purin-8-one
1-332 m/z: 563.4 2-(2-(methyl(2,2,2-trifluoroethyl)amino)pyridin-3-yl)-9-
[M+H]* (4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
Rt (min): 1.4357 | yl)benzyl)-7,9-dihydro-8H-purin-8-one
1-333 m/z: 537.3624 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yDhbenzyl)-2-(2-morpholinopyridin-3-yl)-7,9-dihydro-
Rt (min): 0.9317 | 8H-purin-8-one
1-334 m/z: 525.4 2-(2-(3-fluoroazetidin-1-yl)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 0.8827 | 7,9-dihydro-8H-purin-8-one
1-335 m/z: 507.3261 2-(2-(azetidin-1-yl)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 0.7325 | dihydro-8H-purin-8-one
1-336 m/z: 543.3436 2-(2-(3,3-difluoroazetidin-1-yl)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 1.2334 | 7,9-dihydro-8H-purin-8-one
1-337 m/z: 575.329 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-(3-(trifluoromethyl)azetidin-1-
Rt (min): 1.1255 | yDpyridin-3-yl)-7,9-dihydro-8H-purin-8-one
Library Protocol D.
_ N=N
N3 —R (A) /
K@ N
N Cu(OAc),
N
Z N N
N | >:0 Sodium ascorbate g | >:o
N Ns N
MeOH H
B-82
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[00501] A mixture of Intermediate B-82 (0.2M in MeOH, 150 pL, 30 umol), alkyne (A)
(0.2M in MeOH, 150 pL, 30 umol), copper (II) acetate (0.2M solution in water, 30 uL, 6 pmol)
and sodium ascorbate (0.2M in water, 30 uL, 6 pmol) was stirred at ambient temperature for 16
h. The reaction mixture was concentrated and partitioned between 1IN NaOH (0.5 mL) and
EtOAc (0.5 mL). The organic layer was separated and the aqueous phase was extracted with
EtOAc. The combined organic fractions were placed on a 500 mg SiliaPrepMB TAAcONa

column (purchased from Silicycle) and eluted with MeOH (3 mL) to scavenge residual copper,

followed by purification by mass-triggered preparatory HPLC. The product-containing fractions

were combined and concentrated in a Genevac to afford the desired product.

[00502] Table 8. The following compounds were synthesized according to Library
Protocol D.
Table 8.
Cmpd no. LCMS Chemical Name
1-338 m/z: 469.1699 9-(4-(4-(2-aminopropan-2-yl)-1H-1,2,3-triazol-1-
[M+H]* yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
Rt (min): 1.02 8-one
1-339 m/z: 469.159 9-(4-(4-((dimethylamino)methyl)-1H-1,2,3-triazol-1-
[M+H]* yDbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
Rt (min): 1 8-one
1-340 m/z: 488.1128 | 2-(2-isopropylphenyl)-9-(4-(4-phenyl-1H-1,2,3-triazol-1-
[M+H]* yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.7
I-341 m/z: 518.1495 2-(2-isopropylphenyl)-9-(4-(4-(4-methoxyphenyl)- 1 H-
[M+H]* 1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.66
1-342 m/z: 456.1049 9-(4-(4-(2-hydroxyethyl)-1H-1,2,3-triazol-1-yl)benzyl)-
[M+H]* 2-(2-1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.16
1-343 m/z: 452.075 9-(4-(4-cyclopropyl-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.5
1-344 m/z: 456.1049 | 2-(2-isopropylphenyl)-9-(4-(4-(methoxymethyl)-1H-
[M+H]* 1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.33
1-345 m/z: 470.1449 | 9-(4-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
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Cmpd no. LCMS Chemical Name
[M+H]* yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
Rt (min): 1.26 8-one

1-346 m/z: 497.1849 9-(4-(4-((diethylamino)methyl)-1H-1,2,3-triazol-1-
[M+H]* yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
Rt (min): 1.07 8-one

1-347 m/z: 456.0592 | (R)-9-(4-(4-(1-hydroxyethyl)-1H-1,2,3-triazol-1-
[M+H]* ylbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
Rt (min): 1.2 8-one

1-348 m/z: 497.1848 9-(4-(4-(3-aminopentan-3-yl)-1H-1,2,3-triazol-1-
[M+H]* ylbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
[M+H]* 8-one
Rt (min): 1.08

1-349 m/z: 489.1244 | 2-(2-isopropylphenyl)-9-(4-(4-(pyridin-2-yl)-1H-1,2,3-
[M+H]* triazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.48

1-350 m/z: 504.0749 | 2-(2-isopropylphenyl)-9-(4-(4-((methylsulfonyl)methyl)-
[M+H]* 1H-1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-
Rt (min): 1.23 one

Library Protocol E.

CO,H
HNR{R; (A)

HATU, DIEA

KOA“
R4

VL o
>N
H

B-95

VLo
SN
H

[00503] Note: All reagents were prepared as solutions in DMF unless specifically noted. A
mixture of Intermediate B-95 (0.2M, 100 pL, 20 umol), DIEA (6.99 uL, 40 umol), HATU
(0.2M, 100 pL, 20 umol) and amine (A) (0.2M, 110 uL, 22 umol) was heated to 50 °C for 16 h,
then concentrated under a stream of nitrogen. The residue was treated with saturated sodium
bicarbonate (600 uL) and extracted with EtOAc (2 x 600 uL). The combined organic extracts
were concentrated under a stream of nitrogen and purified by mass-directed preparative HPLC to

afford the final product.
Table 9. The following compounds were synthesized according to Library Protocol E.
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Table 9.
Cmpd no. LCMS Chemical Name

I-351 m/z: 402.1415 4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-
(M+H)+ purin-9-yl)methyl)-N-methylbenzamide
Rt (min): 1.1767

1-352 m/z: 446.1387 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(2-methoxyethyl)benzamide
Rt (min): 1.22

1-353 m/z: 428.1366 N-cyclopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.2833

1-354 m/z: 496.1805 N-(4-fluorobenzyl)-4-((2-(2-isopropylphenyl)-8-oxo-
[M+H]* 7,8-dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.5277

I-355 m/z: 416.1788 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N,N-dimethylbenzamide
Rt (min): 1.2582

I-356 m/z: 430.283 N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.3683

1-357 m/z: 444.3262 N-isobutyl-4-((2-(2-isopropylphenyl)-8-o0x0-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.47

I-358 m/z: 456.2891 N-cyclopentyl-4-((2-(2-isopropylphenyl)-8-oxo0-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.5031

1-359 m/z: 532.4214 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(1-phenylcyclopentyl)benzamide
Rt (min): 1.7842

1-360 m/z: 482.36 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-((1-methyl-1H-imidazol-2-
Rt (min): 0.7833 | yl)methyl)benzamide

I-361 m/z: 482.34 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-((1-methyl-1H-pyrazol-4-
Rt (min): 1.166 yl)methyl)benzamide

1-362 m/z: 444.3262 N,N-diethyl-4-((2-(2-isopropylphenyl)-8-ox0-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)benzamide
Rt (min): 1.4492

1-363 m/z: 458.3045 2-(2-isopropylphenyl)-9-(4-(morpholine-4-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
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Cmpd no. LCMS Chemical Name

Rt (min): 1.2334

1-364 m/z: 484.3758 N-cyclohexyl-4-((2-(2-isopropylphenyl)-8-oxo0-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)-N-methylbenzamide
Rt (min): 1.6784

1-365 m/z: 510.3818 N-(4-fluorobenzyl)-4-((2-(2-isopropylphenyl)-8-oxo-
[M+H]* 7,8-dihydro-9H-purin-9-yl)methyl)-N-
Rt (min): 1.6059 | methylbenzamide

1-366 m/z: 470.3748 2-(2-isopropylphenyl)-9-(4-(4-methylpiperidine-1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.6092

1-367 m/z: 486.3594 4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-methyl-N-(tetrahydro-2H-pyran-
Rt (min): 1.2817 | 4-yl)benzamide

1-368 m/z: 500.4251 2-(2-isopropylphenyl)-9-(4-(3-
[M+H]* (methoxymethyl)piperidine-1-carbonyl)benzyl)-7,9-
Rt (min): 1.475 dihydro-8H-purin-8-one

1-369 m/z: 456.3232 (R)-2-(2-1sopropylphenyl)-9-(4-(2-methylpyrrolidine-
[M+H]* I-carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4575

1-370 m/z: 488.3418 N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)-N-(2-
Rt (min): 1.4834 | methoxyethyl)benzamide

I-371 m/z: 513.31 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-methyl-N-((2-methylthiazol-4-
Rt (min): 1.3683 | yl)methyl)benzamide

1-372 m/z: 468.32 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(1-methyl-1H-imidazol-2-
Rt (min): 0.8692 | yl)benzamide

1-373 m/z: 430.3313 N-ethyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-
[M+H]* 9H-purin-9-yl)methyl)-N-methylbenzamide
Rt (min): 1.3548

1-374 m/z: 444.3262 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-methyl-N-propylbenzamide
Rt (min): 1.4592

I-375 m/z: 444.326 N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)-N-methylbenzamide
Rt (min): 1.4357

I-376 m/z: 446.2997 N-(2-hydroxyethyl)-4-((2-(2-isopropylphenyl)-8-oxo-
[M+H]* 7,8-dihydro-9H-purin-9-yl)methyl)-N-
Rt (min): 1.1117 | methylbenzamide
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Cmpd no. LCMS Chemical Name

1-377 m/z: 444.3262 9-(4-(3-hydroxyazetidine-1-carbonyl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.0833

1-378 m/z: 458.3495 (S)-9-(4-(3-hydroxypyrrolidine-1-carbonyl)benzyl)-2-
[M+H]* (2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.085

1-379 m/z: 442.3694 N-cyclopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-
[M+H]* dihydro-9H-purin-9-yl)methyl)-N-methylbenzamide
Rt (min): 1.3952

1-380 m/z: 487.4315 N-(2-(dimethylamino)-2-oxoethyl)-4-((2-(2-
[M+H]* isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-
Rt (min): 1.15 yl)methyl)-N-methylbenzamide

I-381 m/z: 444.3262 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(oxetan-3-yl)benzamide
Rt (min): 1.166

1-382 m/z: 472.413 (S)-9-(4-(2-(hydroxymethyl)pyrrolidine-1-
[M+H]* carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
Rt (min): 1.2198 | 8H-purin-8-one

1-383 m/z: 499.4594 9-(4-(4-acetylpiperazine- 1 -carbonyl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.112

1-384 m/z: 516.4446 (S)-2-(2-isopropylphenyl)-9-(4-(3-(2-
[M+H]* methoxyethoxy)pyrrolidine-1-carbonyl)benzyl)-7,9-
Rt (min): 1.2603 | dihydro-8H-purin-8-one

1-385 m/z: 486.3949 9-(4-((2R,6S)-2,6-dimethylmorpholine-4-
[M+H]* carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
Rt (min): 1.42 8H-purin-8-one

1-386 m/z: 446.3416 9-(4-(3-fluoroazetidine-1-carbonyl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.2975

1-387 m/z: 472.3547 N-((1R,2S)-2-hydroxycyclopentyl)-4-((2-(2-
[M+H]* isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-
Rt (min): 1.2317 | yl)methyl)benzamide

1-388 m/z: 492.3783 9-(4-(4,4-difluoropiperidine-1-carbonyl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4884

1-389 | m/z: 442.3446 2-(2-isopropylphenyl)-9-(4-(pyrrolidine-1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3412

1-390 m/z: 456.3541 2-(2-isopropylphenyl)-9-(4-(2-methylpyrrolidine-1-
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Cmpd no. LCMS Chemical Name

[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4567

1-391 m/z: 486.3912 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(1-
Rt (min): 1.4159 | (methoxymethyl)cyclopropyl)-N-methylbenzamide

1-392 m/z: 478.3459 9-(4-(3,3-difluoropyrrolidine- 1-carbonyl)benzyl)-2-(2-
[M+H]* isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4217

1-393 m/z: 484.4402 9-(4-(5-oxa-2-azaspiro[3.4]octane-2-carbonyl)benzyl)-
[M+H]* 2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.325

1-394 m/z: 484.3758 9-(4-(6-oxa-2-azaspiro[3.4]octane-2-carbonyl)benzyl)-
[M+H]* 2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.2233

1-395 m/z: 456.4191 (S)-2-(2-isopropylphenyl)-9-(4-(2-methylpyrrolidine-
[M+H]* I-carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.4467

1-396 m/z: 486.4564 (S)-2-(2-isopropylphenyl)-9-(4-(2-
[M+H]* (methoxymethyl)pyrrolidine-1-carbonyl)benzyl)-7,9-
Rt (min): 1.4 dihydro-8H-purin-8-one

1-397 m/z: 484.4806 9-(4-(2-ethylpiperidine-1-carbonyl)benzyl)-2-(2-
[M+H]* 1sopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.66

1-398 m/z: 470.4625 2-(2-isopropylphenyl)-9-(4-(2-methylpiperidine-1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.565

1-399 m/z: 470.4625 2-(2-isopropylphenyl)-9-(4-(3-methylpiperidine-1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.59

1-400 m/z: 500.4996 2-(2-isopropylphenyl)-9-(4-(2-
[M+H]* (methoxymethyl)piperidine-1-carbonyl)benzyl)-7,9-
Rt (min): 1.4933 | dihydro-8H-purin-8-one

1-401 m/z: 486.4564 2-(2-isopropylphenyl)-9-(4-(3-methoxypiperidine- 1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3683

1-402 m/z: 472.4281 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-methyl-N-(tetrahydrofuran-3-
Rt (min): 1.25 yl)benzamide

1-403 m/z: 486.4688 (R)-2-(2-isopropylphenyl)-9-(4-(2-
[M+H]* (methoxymethyl)pyrrolidine-1-carbonyl)benzyl)-7,9-
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Cmpd no. LCMS Chemical Name

Rt (min): 1.3983 | dihydro-8H-purin-8-one

1-404 m/z: 472.4637 (R)-2-(2-1sopropylphenyl)-9-(4-(3-methylmorpholine-
[M+H]* 4-carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3033

1-405 m/z: 472.4321 (S)-2-(2-isopropylphenyl)-9-(4-(3-methylmorpholine-
[M+H]* 4-carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.305

1-406 m/z: 484.4408 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-methyl-N-(2,2,2-
Rt (min): 1.51 trifluoroethyl)benzamide

1-407 m/z: 460.2274 4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(2-methoxyethyl)-N-
Rt (min): 1.3 methylbenzamide

1-408 m/z: 459.2 N-(2-(dimethylamino)ethyl)-4-((2-(2-
[M+H]* isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-
Rt (min): 0.77 yl)methyl)benzamide

1-409 m/z: 499.24 4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
[M+H]* purin-9-yl)methyl)-N-(2-(piperidin-1-
Rt (min): 0.83 yl)ethyl)benzamide

1-410 m/z: 471.38 2-(2-1sopropylphenyl)-9-(4-(4-methylpiperazine-1-
[M+H]* carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 0.7583

I-411 m/z: 484.4166 9-(4-(2-oxa-5-azaspiro[3.4]octane-5-carbonyl)benzyl)-
[M+H]* 2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.3117

Library Protocol F.

[00504]

33.0 umol) and sodium hydride (1.0 M suspension in dioxane, 60 puL, 60.0 umol) and the vial
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A reaction vial was charged with alcohol (A) (0.2M solution in dioxane, 165 ul,
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was capped and shaken at ambient temperature for 15 min. Intermediate B-108 (0.2 M solution
in dioxane, 150 pL, 30.0 pmol) was then added and the mixture was heated for 16 h at 100 °C.
The reaction mixture was cooled to ambient temperature and the volatiles were removed under
reduced pressure. The residue was partitioned between 1N NaOH (0.5 mL) and EtOAc (0.5 mL).
The organic layer was separated and combined with a second extraction of the aqueous layer
with EtOAc (0.5 mL). After concentration, the product was collected using mass-triggered

preparatory HPLC and product-containing fractions were combined and concentrated in a

Genevac.
[00505] Table 10. The following compounds were synthesized according to Library
Protocol F.
Table 10.
Cmpd no. LCMS Chemical Name
1-412 m/z: 482.3 2-(2-methoxypyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.1608 | dihydro-8H-purin-8-one
1-413 m/z: 510.4 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* ylhbenzyl)-2-(2-propoxypyridin-3-yl)-7,9-dihydro-8H-
Rt (min): 1.3683 | purin-8-one
1-414 m/z: 522.4 2-(2-(cyclopropylmethoxy)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 1.3817 | 7,9-dihydro-8H-purin-8-one
1-415 m/z: 540.4 2-(2-(2-ethoxyethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.2709 | dihydro-8H-purin-8-one
I-416 m/z: 510.2 2-(2-1sopropoxypyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.3517 | dihydro-8H-purin-8-one
1-417 m/z: 524.4 2-(2-(sec-butoxy)pyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.4762 | dihydro-8H-purin-8-one
1-418 m/z: 564.4 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-((1,1,1-trifluoropropan-2-
Rt (min): 1.5559 | yl)oxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one
1-419 m/z: 522.4 2-(2-cyclobutoxypyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]J* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.42 dihydro-8H-purin-8-one
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Cmpd no. LCMS Chemical Name

1-420 m/z: 508.4 2-(2-cyclopropoxypyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.2334 | dihydro-8H-purin-8-one

1-421 m/z: 496.3 2-(2-ethoxypyridin-3-yl)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.2469 | dihydro-8H-purin-8-one

1-422 m/z: 524.4 2-(2-isobutoxypyridin-3-y1)-9-(4-(1-methyl-4-
[M+H]* (trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.4762 | dihydro-8H-purin-8-one

1-423 m/z: 526.4 2-(2-(2-methoxyethoxy)pyridin-3-yl)-9-(4-(1-methyl-
[M+H]J* 4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.1929 | dihydro-8H-purin-8-one

1-424 m/z: 552.5 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-((tetrahydrofuran-2-
Rt (min): 1.2558 | yl)methoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one

1-425 m/z: 552.5 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* yl)benzyl)-2-(2-((tetrahydrofuran-3-
Rt (min): 1.2198 | yl)methoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one

1-426 m/z: 554.4605 2-(2-(3-methoxybutoxy)pyridin-3-yl)-9-(4-(1-methyl-
[M+H]* 4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
Rt (min): 1.2675 | dihydro-8H-purin-8-one

1-427 m/z: 538.5 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
[M+H]* ylhbenzyl)-2-(2-(pentan-3-yloxy)pyridin-3-yl)-7,9-
Rt (min): 1.5942 | dihydro-8H-purin-8-one

1-428 m/z: 554.5 2-(2-((1-methoxybutan-2-yl)oxy)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 1.395 7,9-dihydro-8H-purin-8-one

1-429 m/z: 539.4 2-(2-(2-(dimethylamino)ethoxy)pyridin-3-yl)-9-(4-(1-
[M+H]* methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
Rt (min): 0.7882 | 7,9-dihydro-8H-purin-8-one
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Example 36. 9-(4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8H-purin-8-one (1-430)

Boc H
1-430
[00506] A mixture of tert-butyl 3-(2-(4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-

purin-9-yl)methyl)phenyl)-4-(trifluoromethyl)-1H-imidazol-1-yl)azetidine- 1-carboxylate
(prepared from Intermediate B-36 following Example 35) (100 mg, 0.16 mmol), DCM (10 mL)
and TFA (3 mL) was stirred for 1 h at 40 °C then was concentrated under vacuum. The residue
was dissolved in DCM (20 mL) and was washed with saturated aqueous sodium bicarbonate
solution (10 mL). The aqueous layer was extracted with DCM (2 x 20 mL), and the combined
organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by prep-HPLC to afford 9-(4-(1-(azetidin-3-yl)-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
(I-430) (24.8 mg, 29%) as a white solid.

[00507] Table 11. The following compounds were synthesized from compounds
described herein and by sequentially following Examples 35 and 36.

Table 11.
Cmpd no. |LCMS 1H NMR (300 MHz) o ppm Chemical Name
1-430 m/z: 534.44 | 1H NMR (400 MHz, DMSO-ds) 6 9-(4-(1-(azetidin-3-yl)-
[M+H]* 8.38 (s, 1H), 8.31 (s, 1H), 7.53-7.31 | 4-(trifluoromethyl)-1H-
Rt (min): (m, 7H), 7.27-7.18 (m, 1H), 5.12- imidazol-2-yl)benzyl)-
0.9333 4.98 (m, 3H), 3.75-3.63 (m, 4H), 2-(2-1sopropylphenyl)-
3.45-3.35 (m, 1H), 1.08 (d, J = 6.8 7,9-dihydro-8H-purin-
Hz, 6H). 8-one
1-431 m/z: 1H NMR (400 MHz, CDCl3) 6 8.30 | 2-(2-isopropylphenyl)-
494.3326 (s, 1H), 7.76 (d, J = 2.4 Hz, 1H), 9-(4-(3-(piperidin-4-yl)-
[M+H]* 7.61-7.56 (m, 5H), 7.46-7.40 (m, 1H-pyrazol-1-
Rt (min): 2H), 7.30-7.26 (m, 1H), 6.25 (d, J/ = | yl)benzyl)-7,9-dihydro-
1.08 2.0 Hz, 1H), 5.16 (s, 2H), 4.43 (br s, | 8H-purin-8-one
309

139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

Cmpd no. |LCMS 1H NMR (300 MHz) o ppm Chemical Name
2H), 3.53-3.46 (m, 1H), 3.23-3.20
(m, 2H), 2.92-2.76 (m, 3H), 2.02-
2.00 (m, 2H), 1.76-1.67 (m, 2H),
1.25-1.15 (m, 6H).
1-432 | m/z: 1H NMR (300 MHz, DMSO-de) 6 2-(2-isopropylphenyl)-
495.2782 8.38 (s, 1H), 8.23 (d, J = 2.4 Hz, 9-(4-(3-(piperazin-1-
[M+H]J* 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.51 yl)-1H-pyrazol-1-
Rt (min): (d, J =69 Hz, 1H), 7.44-7.36 (m, yl)benzyl)-7,9-dihydro-
1.08 4H), 7.27-7.23 (m, 1H), 6.05 (d, J = 8H-purin-8-one
2.7 Hz, 1H), 5.02 (s, 2H), 3.48-3.44
(m, 1H), 3.12-3.09 (m, 4H), 2.81-
2.78 (m, 4H), 1.12-1.09 (m, 6H).
1-433 m/z: 2-(2-isopropylphenyl)-
508.1736 7-methyl-9-(4-(3-
[M+H]J* (piperidin-4-yl)-1H-
Rt (min): pyrazol-1-yl)benzyl)-
1.18 7,9-dihydro-8H-purin-
8-one
1-434 m/z: 512.23 | 1H NMR (400 MHz, CD30D) & 8.30 | 2-(3-fluoro-2-
[M+H]* (s, 1H), 8.10 (s, 1H), 7.68-7.66 (m, isopropylphenyl)-9-(4-
Rt (min): 2H), 7.52-7.50 (m, 2H), 7.28-7.23 (3-(piperidin-4-yl)-1H-
0.94 (m, 2H), 7.14-7.09 (m, 1H), 6.38 (s, pyrazol-1-yl)benzyl)-
1H), 5.16 (s, 2H), 3.36-3.35 (m, 2H), | 7,9-dihydro-8H-purin-
3.14-3.10 (m, 1H), 3.03-2.96 (m, 8-one
3H), 2.16-2.11 (m, 2H), 1.90-1.85
(m, 2H), 1.27-1.24 (m, 6H).
1-435 m/z: 495.21 2-(2-1sopropylpyridin-
[M+H]J* 3-y1)-9-(4-(3-(piperidin-
Rt (min): 4-yl)-1H-pyrazol-1-
0.54 yl)benzyl)-7,9-dihydro-
8H-purin-8-one
1-436 m/z: 548.5 1H NMR (400 MHz, CD3;0D) 6 8.46 | 9-(4-(1-(azetidin-3-yl)-
[M+H]* (s, 1H), 8.19-8.17 (m, 1H), 7.63-7.56 | 4-(trifluoromethyl)-1H-
Rt (min): (m, 2H), 7.52-7.37 (m, 5H), 7.30- imidazol-2-yl)benzyl)-
0.9906 7.21 (m, 1H), 5.27-5.12 (m, 3H), 2-(2-1sopropylphenyl)-
3.92-3.80 (m, 4H), 3.56-3.51 (m, 7-methyl-7,9-dihydro-
3H), 3.37-3.32 (m, 1H), 1.17 (d, J = 8H-purin-8-one
6.80 Hz, 6H).
1-437 m/z: 411.11 9-(4-(1H-imidazol-2-
[M+H]J* yl)benzyl)-2-(2-
Rt (min): isopropylphenyl)-7,9-
0.76 dihydro-8H-purin-8-one
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Example 37. 2-(2-Isopropylpyridin-3-yl)-9-(4-(1-(1-methylazetidin-3-yl)-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-438)

\
N
(CHO), q

NaBH(OAC); Tl
F3 //®/<N CF4
AcOH
NN
T
X N
H
1-438
[00508] A  mixture of 9-(4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-

yDbenzyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8 H-purin-8-one  hydrochloride  (prepared
from Intermediate B-36 following sequentially Examples 35 and 36) (100 mg, 0.18 mmol),
MeOH (3 mL) and paraformaldehyde (78 mg, 0.87 mmol) was stirred for 16 h at ambient
temperature, then acetic acid (22 mg, 0.37 mmol) and sodium triacetoxyborohydride (118 mg,
0.56 mmol) were added and the resulting mixture was stirred for 1 h at ambient temperature.
The reaction mixture was concentrated, brine (10 mL) was added, and the mixture extracted with
EtOAc (3 x 10 mL). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by prep-HPLC to afford 14.2
mg (15%) of 2-(2-isopropylpyridin-3-yl)-9-(4-(1-(1-methylazetidin-3-yl)-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-438) as a white solid. 'H NMR (400
MHz, CD30D) ¢ 8.56-8.55 (m, 1H), 8.38 (s, 1H), 8.13 (s, 1H), 8.00-7.98 (m, 1H), 7.59 (d, J =
8.0 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.35-7.32 (m, 1H), 5.23 (s, 2H), 4.93-4.87 (m, 1H), 3.72-
3.62 (m, 2H), 3.61-3.55 (m, 1H), 3.42-3.38 (m, 2H), 2.38 (s, 3H), 1.23 (d, J = 6.8 Hz, 6H). MS
(ESI) m/z 549.2 [M+H]*.

[00509] Table 12. The following compounds were synthesized according to Example 37.
Table 12.

Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
1-438 | m/z: 549.5 "H NMR (400 MHz, CD30D) & 8.56- | 2-(2-isopropylpyridin-3-
[M+H]* 8.55 (m, 1H), 8.38 (s, 1H), 8.13 (s, yD)-9-(4-(1-(1-
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name

Rt (min): 1H), 8.00-7.98 (m, 1H), 7.59 (d, J = methylazetidin-3-yl)-4-

0.5367 8.0 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), | (trifluoromethyl)-1H-
7.35-7.32 (m, 1H), 5.23 (s, 2H), 4.93- | imidazol-2-yl)benzyl)-
4.87 (m, 1H), 3.72-3.62 (m, 2H), 7,9-dihydro-8H-purin-8-
3.61-3.55 (m, 1H), 3.42-3.38 (m, 2H), | one
2.38 (s, 3H), 1.23 (d, J = 6.8 Hz, 6H).

1-439 | m/z: '"H NMR (400 MHz, CDCl3) & 8.34 2-(2-1sopropylphenyl)-

508.2337 (s, 1H), 7.78-7.77 (m, 1H), 7.62-7.52 | 9-(4-(3-(1-

[M+H]J* (m, 5SH), 7.46-7.39 (m, 2H), 7.30-7.26 | methylpiperidin-4-yl)-

Rt (min): 1.1 | (m, 1H), 6.27 (s, 1H), 5.16 (s, 2H), 1H-pyrazol-1-
3.54-3.47 (m, 1H), 3.18-3.14 (m, 2H), | yl)benzyl)-7,9-dihydro-
2.93-2.86 (m, 1H), 2.51-2.30 (m, 5H), | 8H-purin-8-one
2.12-2.00 (m, 4H), 1.25-1.17 (m, 6H).

1-440 | m/z: 494.23 2-(2-isopropylphenyl)-

[M+H]* 9-(4-(3-(1-

Rt (min): methylpyrrolidin-3-yl)-

0.91 1H-pyrazol-1-

yDbenzyl)-7,9-dihydro-
8H-purin-8-one
1-441 | m/z: 526.22 '"H NMR (300 MHz, CD30D) 6 8.29 | 2-(3-fluoro-2-

[M+H]* (s, 1H), 8.04 (s, 1H), 7.67-7.64 (m, isopropylphenyl)-9-(4-

Rt (min): 2H), 7.51-7.49 (m, 2H), 7.29-7.22 (m, | (3-(1-methylpiperidin-4-

0.95 2H), 7.14-7.07 (m 1H), 6.35 (s, 1H), yl)-1H-pyrazol-1-

5.14 (s, 2H), 3.16-3.07 (m, 1H), 3.00- | yl)benzyl)-7,9-dihydro-
2.96 (m, 2H), 2.77-2.69 (m, 1H), 2.33 | 8H-purin-8-one
(s, 3H), 2.25-2.18 (m, 2H), 2.01-1.97
(m, 2H), 1.97-1.74 (m, 2H), 1.31-1.24
(m, 6H).
1-442 | m/z: 509.25 2-(2-1sopropylpyridin-3-

[M+H]* yD)-9-(4-(3-(1-

Rt (min): methylpiperidin-4-yl)-

0.54 1H-pyrazol-1-

yDbenzyl)-7,9-dihydro-
8H-purin-8-one
1-443 | m/z: 565.2 "H NMR (300 MHz, CD30D) & 8.32- | 9-(4-(3-(1-

[M+H]* 8.26 (m, 2H), 8.16-8.15 (m, 1H), 8.05 | methylpiperidin-4-yl)-

Rt (min): (m, 1H), 7.73-7.56 (m, 4H), 7.20-7.16 | 1H-pyrazol-1-

0.83 (m 1H), 6.35 (s, 1H), 5.16 (s, 2H), yl)benzyl)-2-(2-(2,2,2-
5.10-4.95 (m, 2H), 3.06-3.02 (m, 2H), | trifluoroethoxy)pyridin-
2.76-2.73 (m, 1H), 2.47-2.29 (m, SH), | 3-yl)-7,9-dihydro-8H-
2.15-2.00 (m, 2H), 1.89-1.74 (m, 2H). | purin-8-one
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
1-444 | m/z: 508.24 2-(2-isopropylphenyl)-
[M+H]* 9-(4-(3-(1-
Rt (min): methylpiperidin-3-yl)-
0.92 1H-pyrazol-1-
yDbenzyl)-7,9-dihydro-
8H-purin-8-one
1-445 | m/z: 522.47 | 'HNMR (300 MHz, CD30D) § 8.29 | 2-(2-isopropylphenyl)-
[M+H]* (s, 1H), 7.57 (s, 4H), 7.55-7.34 (m, 9-(4-(1-methyl-4-(1-
Rt (min): 3H), 7.24-7.18 (m, 1H), 6.88 (s, 1H), | methylpiperidin-4-yl)-
0.5975 5.17 (s, 2H), 3.61 (s, 3H), 3.34-3.29 1H-imidazol-2-
(m, 1H), 3.05-2.98 (m, 2H), 2.60-2.50 | yl)benzyl)-7,9-dihydro-
(m, 1H), 2.41 (s, 3H), 2.36-2.24 (m, 8H-purin-8-one
2H), 2.06-1.95 (m, 2H), 1.74-1.61 (m,
2H), 1.12 (d, J = 6.9 Hz, 6H).
1-446 | m/z: 522.47 | 'HNMR (300 MHz, CD30D) § 8.28 | 2-(2-isopropylphenyl)-
[M+H]* (s, 1H), 7.51 (s, 4H), 7.47-7.30 (m, 9-(4-(1-methyl-5-(1-
Rt (min): 3H), 7.24-7.18 (m, 1H), 6.78 (s, 1H), | methylpiperidin-4-yl)-
0.5724 5.16 (s, 2H), 3.57 (s, 3H), 3.33-3.24 1H-imidazol-2-
(m, 1H), 2.99-2.94 (m, 2H), 2.67-2.59 | yl)benzyl)-7,9-dihydro-
(m, 1H), 2.31 (s, 3H), 2.22-1.97 (m, 8H-purin-8-one
4H), 1.77-1.63 (m, 2H), 1.12 (d, J =
6.9 Hz, 6H).
1-447 | m/z: 548.48 | 'H NMR (400 MHz, CD30D) § 8.36 | 2-(2-isopropylphenyl)-
[M+H]* (s, 1H), 8.15 (d, J = 1.4 Hz, 1H), 9-(4-(1-(1-
Rt (min): 7.62-7.60 (m, 2H), 7.55-7.39 (m, SH), | methylazetidin-3-yl)-4-
0.9467 7.30-7.25 (m, 1H), 5.24 (s, 2H), 4.99- | (trifluoromethyl)-1H-
4.85 (m, 1H), 3.74-3.69 (m, 2H), imidazol-2-yl)benzyl)-
3.47-3.34 (m, 3H), 2.40 (s, 3H), 1.19 | 7,9-dihydro-8H-purin-8-
(d, J =7.2Hz, 6H). one
1-448 | m/z: 562.5 '"H NMR (400 MHz, CD30D) & 8.46 | 2-(2-isopropylphenyl)-
[M+H]* (s, 1H), 8.13 (s, 1H), 7.63-7.56 (m, 7-methyl-9-(4-(1-(1-
Rt (min): 2H), 7.53-7.36 (m, SH), 7.30-7.21 (m, | methylazetidin-3-yl)-4-
1.0041 1H), 5.24 (s, 2H), 4.93-4.85 (m, 1H), | (trifluoromethyl)-1H-
3.71-3.66 (m, 2H), 3.54 (s, 3H), 3.44- | imidazol-2-yl)benzyl)-
3.32 (m, 3H), 2.37 (s, 3H), 1.18-1.12 | 7,9-dihydro-8H-purin-8-
(m, 6H). one
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Example 38: General Preparation of Sulfonamides

H R3—S0,CI (B{ Ry :\S/io
R "R N Rs
1 2 DIEA R
2
(A)

[00510] A reaction vial was treated with a 0.2 M solution of the appropriate amine (A)
(prepared following Example 30) (150 pL, 30 umol) in DCE, DIEA (10.48 uL, 60.0 umol) and
a 0.2 M solution of the appropriate isocyanate (180 uL, 36.0 umol) in DCE. The mixture was
heated at 50°C for 72 h, then was concentrated under a stream of nitrogen. The residue was
partitioned between saturated NaHCO3 and EtOAc (600 uL). The organic phase was separated
and combined with a second extract of EtOAc (600 uL). The combined extracts were dried under
a stream of nitrogen and the crude material purified by mass-directed preparative reverse phase

HPLC.

[00511] Table 13. The following compounds were synthesized according to Example 38.
Table 13.

CI‘:)pd LCMS | 'H NMR (300 MHz) 5 ppm ChemicalName

1-449 | m/z: 507.1297 2-(2-1sopropylphenyl)-7-

[M+H]* methyl-9-((1-(pyridin-3-

Rt (min): 1.46 ylsulfonyl)piperidin-4-
yD)methyl)-7,9-dihydro-8H-
purin-8-one

1-450 | m/z: 472.0951 2-(2-isopropylphenyl)-9-((1-

[M+H]* (isopropylsulfonyl)piperidin-4-

Rt (min): 1.55 yl)methyl)-7-methyl-7,9-
dihydro-8H-purin-8-one

I[-451 | m/z: 510.1644 2-(2-1sopropylphenyl)-7-

[M+H]J* methyl-9-((1-((1-methyl-1H-

Rt (min): 1.44 imidazol-2-
yDsulfonyl)piperidin-4-
yl)methyl)-7,9-dihydro-8H-
purin-8-one

1452 | m/z: 456.178 "H NMR (400 MHz, 2-(2-isopropylphenyl)-9-(2-

[M+H]J* CDs0D) 6 8.33 (s, 1H), 7.48- | (isopropylsulfonyl)-2-

Rt (min): 1.53 | 7.41 (m, 3H), 7.29-7.25 (m, azaspiro[3.3]heptan-5-yl)-7,9-

1H), 5.04-5.00 (m, 1H), dihydro-8H-purin-8-one
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Cll::fd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
4.10-4.05 (m, 1H), 3.99-3.96
(m, 1H), 3.84-3.81 (m, 2H),
3.49-3.35 (m, 2H), 3.08-3.02
(m, 1H), 2.34-2.15 (m, 3H),
1.24-1.16 (m, 12H).
1453 | m/z: 518.3786 N-(4-((2-(2-1sopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 1.43 9H-purin-9-yl)methyl)phenyl)-
1-methyl-1H-pyrazole-3-
sulfonamide
1-454 | m/z: 518.38 N-(4-((2-(2-isopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.3952 I-methyl-1H-imidazole-2-
sulfonamide
1455 | m/z: 532.4203 N-(4-((2-(2-1sopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.5706 1,2-dimethyl-1H-imidazole-4-
sulfonamide
1-456 | m/z: 532.4215 N-(4-((2-(2-isopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.5706 N, 1-dimethyl-1H-pyrazole-3-
sulfonamide
1-457 | m/z: 532.42 N-(4-((2-(2-isopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.5571 N, 1-dimethyl-1H-imidazole-2-
sulfonamide
1-458 | m/z: 546.46 N-(4-((2-(2-isopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.4492 N, 1,2-trimethyl-1H-imidazole-
4-sulfonamide
1-459 | m/z: 466.3665 N-(4-((2-(2-isopropylphenyl)-
[M+H]* 7-methyl-8-ox0-7,8-dihydro-
Rt (min): 9H-purin-9-yl)methyl)phenyl)-
1.5166 N-methylmethanesulfonamide
1-460 | m/z: 474.3634 | 'TH NMR (300MHz, CDCl5) 9-((1-(cyclopropylsulfonyl)-4-
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CI‘:)pd LCMS | 'HNMR (300 MHz) & ppm Chemical Name
[M+H]J* 0=28.33(s, 1H), 7.50 (d, J = | fluoropiperidin-4-yl)methyl)-2-
Rt (min): 7.3 Hz, 1H), 7.39 - 7.32 (m, (2-isopropylphenyl)-7,9-
1.3867 2H), 7.22 (brd, J = 7.0 Hz, dihydro-8H-purin-8-one
1H), 4.12 (d, J = 17.0 Hz,
2H),3.65 (brd, J = 11.7 Hz,
2H),3.41 (brd, J = 6.4 Hz,
1H), 3.03 (br s, 2H), 2.24 -
2.11 (m, 1H), 2.01 - 1.80 (m,
4H), 1.17 (d, J = 6.7 Hz,
6H), 1.09 (br d, J = 4.4 Hz,
2H), 0.91 (brd, J = 5.9 Hz,
2H)
I-461 | m/z: 456.4192 9-((1-
[M+H]* (cyclopropylsulfonyl)piperidin-
Rt (min): 4-yl)methyl)-2-(2-
1.3733 isopropylphenyl)-7,9-dihydro-
8H-purin-8-one

Example 39. General Preparation of Amides

B o
H R3 C02H (B) R1\ )]\
e ~ N R3
R1 R2 [
DIEA, HATU R;
(A)
[00512] A reaction vial containing purinone-amine (A) (0.2M in dioxane, 150 uL, 0.030

mmol), carboxylic acid (B) (0.2M in dioxane, 165 uL, 0.033 mmol), DIEA ( 15 pL, 0.086 mmol)
and HATU (0.2M in dioxane, 165 pL, 0.033 mmol) was stirred at ambient temperature for 4 h.
The reaction mixture was concentrated and partitioned between 1N NaOH (0.5 mL) and EtOAc
(0.5 mL). The organic layer was separated and the aqueous phase was extracted with EtOAc.
The combined organic extracts were concentrated to afford the crude product, which was
purified by mass-triggered preparatory HPLC. The product-containing fractions were combined

and concentrated in a Genevac to afford the desired product.

[00513] Table 14. The following compounds were synthesized according to Example 39.
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Table 14.
Cl‘::)pd LCMS IH NMR (300 MHz) & ppm Chemical Name
1-462 | m/z: 9-((1-

436.1503 isobutyrylpiperidin-4-

[M+H]J* yl)methyl)-2-(2-

Rt (min): isopropylphenyl)-7-

1.47 methyl-7,9-dihydro-8H-
purin-8-one

1-463 | m/z: 536.184 | "H NMR (400 MHz, CDCl3) § 9.25 9-(4-(3-(1-

[M+H]* (brs, 1H), 8.45 (s, 1H), 7.79 (s, 1H), acetylpiperidin-4-yl)-

Rt (min): 7.62-7.57 (m, 5H), 7.47-7.44 (m, 2H), | 1H-pyrazol-1-

1.38 7.32-7.26 (m, 1H), 6.25 (s, 1H), 5.17 | yl)benzyl)-2-(2-

(m, 2H), 4.65-4.62 (m, 1H), 3.91-3.87 | isopropylphenyl)-7,9-
(m, 1H), 3.51-3.47 (m, 1H), 3.24-3.20 | dihydro-8H-purin-8-one
(m, 1H), 3.18-2.95 (m, 1H), 2.81-2.74
(m, 1H), 2.13 (s, 3H), 2.08-2.00 (m,
2H), 1.73-1.64 (m, 2H), 1.25-1.23 (m,
6H).

I-464 | m/z: 1H NMR (300 MHz, CD30D) 6 8.30 | 9-(4-(3-(1-

554.2792 (s, 1H), 8.06 (s, 1H), 7.67-7.64 (m, acetylpiperidin-4-yl)-

[M+H]J* 2H), 7.51-7.49 (m, 2H), 7.29-7.22 (m, | 1H-pyrazol-1-

Rt (min): 2H), 7.14-7.07 (m 1H), 6.35 (s, 1H), yl)benzyl)-2-(3-fluoro-

1.49 5.15 (s, 2H), 4.55-4.51 (m, 1H), 4.01- | 2-isopropylphenyl)-7,9-

3.96 (m, 1H), 3.30-3.22 (m, 1H), dihydro-8H-purin-8-one
3.22-3.10 (m, 1H), 3.10-2.95 (m, 1H),
2.95-2.86 (m, 1H), 2.11 (s, 3H), 2.11-
1.96 (m, 2H), 1.60-1.75 (m, 2H),
1.26-1.24 (m, 6H).
I-465 | m/z: 9-(4-(3-(1-

537.2531 acetylpiperidin-4-yl)-

[M+H]* 1H-pyrazol-1-

Rt (min): yl)benzyl)-2-(2-

0.83 isopropylpyridin-3-yl)-
7,9-dihydro-8H-purin-8-
one

I-466 | m/z: 9-(4-(3-(1-

593.2041 acetylpiperidin-4-yl)-

[M+H]* 1H-pyrazol-1-

Rt (min): yl)benzyl)-2-(2-(2,2,2-

1.31 trifluoroethoxy)pyridin-
3-y1)-7,9-dihydro-8H-
purin-8-one
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C::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
1-467 | m/z: 522.241 | '"H NMR (400 MHz, CD30D) 6 8.32 | 9-(4-(3-(1-
[M+H]* (s, 1H), 8.12 (s, 1H), 7.70-7.68 (m, acetylpyrrolidin-3-yl)-
Rt (min): 2H), 7.54-7.51 (m, 2H), 7.46-7.39 (m, | 1H-pyrazol-1-
1.35 3H), 7.24-7.23 (m, 1H), 6.43-6.40 (m, | yl)benzyl)-2-(2-
1H), 5.16 (s, 2H), 3.93-3.86 (m, 1H), | isopropylphenyl)-7,9-
3.71-3.53 (m, 4H), 3.27-3.25 (m, 1H), | dihydro-8H-purin-8-one
2.48-2.08 (m, 2H), 2.09-2.07 (m, 3H),
1.14-1.12 (m, 6H).
1-468 | m/z: '"H NMR (400 MHz, CD;0D) & 8.32 | 9-(4-(3-(1-
536.2782 (s, 1H), 8.11-8.09 (m, 1H), 7.71-7.68 | acetylpiperidin-3-yl)-
[M+H]J* (m, 2H), 7.54-7.51 (m, 2H), 7.44-7.43 | 1H-pyrazol-1-
Rt (min): (m, 3H), 7.21-7.19 (m, 1H), 6.41-6.39 | yl)benzyl)-2-(2-
1.47 (m, 1H), 5.17 (s, 2H), 4.62-4.58 (m, isopropylphenyl)-7,9-
0.5H), 4.28-4.22 (m, 0.5H), 4.04-3.98 | dihydro-8H-purin-8-one
(m, 0.5H), 3.92-3.80 (m, 0.5H), 3.42-
3.39 (m, 1H), 3.28-3.15 (m, 1H),
3.00-2.82 (m, 2H), 2.21-2.19 (m, 4H),
1.90-1.77 (m, 2H), 1.71-1.50 (m, 1H),
1.15-1.13 (m, 6H)
1-469 | m/z: N-(4-((2-(2-
496.1985 isopropylphenyl)-7-
[M+H]J* methyl-8-oxo-7,8-
Rt (min): dihydro-9H-purin-9-
1.5533 ylD)methyl)phenyl)-1,3-
dimethyl-1H-pyrazole-
S-carboxamide
I-470 | m/z: N-(4-((2-(2-
496.2198 isopropylphenyl)-7-
[M+H]* methyl-8-oxo-7,8-
Rt (min): dihydro-9H-purin-9-
1.3633 yl)methyl)phenyl)-N,5-
dimethyl-1H-pyrazole-
3-carboxamide
1-471 | m/z: N-(4-((2-(2-
510.2578 isopropylphenyl)-7-
[M+H]J* methyl-8-oxo-7,8-
Rt (min): dihydro-9H-purin-9-
1.4873 yl)methyl)phenyl)-
N, 1,3-trimethyl-1H-
pyrazole-5-carboxamide
1-472 | m/z: 550.52 | '"H NMR (300 MHz, CD30D) 6 8.27 | 9-(4-(4-(1-
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
[M+H]* (s, 1H), 7.55-7.51 (m, 4H), 7.48-7.34 | acetylpiperidin-4-yl)-1-
Rt (min): (m, 3H), 7.24-7.18 (m, 1H), 6.88 (s, methyl-1H-imidazol-2-
0.8152 1H), 5.17 (s, 2H), 4.53 (d, J = 13.5 yl)benzyl)-2-(2-
Hz, 1H), 3.94 (d, J = 13.8 Hz, 1H), isopropylphenyl)-7,9-
3.61 (s, 3H), 3.33-3.15 (m, 2H), 2.82- | dihydro-8H-purin-8-one
2.63 (m, 2H), 2.08 (s, 3H), 2.00-1.84
(m, 2H), 1.64-1.56 (m, 2H), 1.10 (d, J
= 6.9 Hz, 6H).
1-473 | m/z: 550.49 "H NMR (300 MHz, CD30D) 6 8.28 | 9-(4-(5-(1-
[M+H]J* (s, 1H), 7.51 (s, 4H), 7.43-7.34 (m, acetylpiperidin-4-yl)-1-
Rt (min): 3H), 7.24-7.18 (m, 1H), 6.78 (s, 1H), | methyl-1H-imidazol-2-
0.8152 5.17 (s, 2H), 4.53 (d, J = 13.4 Hz, yDbenzyl)-2-(2-
1H), 3.94 (d, J = 13.5 Hz, 1H), 3.61 isopropylphenyl)-7,9-
(s, 3H), 3.33-3.19 (m, 2H), 2.96-2.70 | dihydro-8H-purin-8-one
(m, 2H), 2.08 (s, 3H), 2.06-1.97 (m,
2H), 1.69-1.44 (m, 2H), 1.12 (d, J =
6.9 Hz, 6H).
1-474 | m/z: 'H NMR (400 MHz, DMSO-ds) & 9-(4-(3-(1-
554.5907 11.66 (s, 1H), 8.41 (s, 1H), 8.34 (d, J | acetylpiperidin-4-yl)-
[M+H]J* = 2.5 Hz, 1H), 7.76-7.69 (m, 2H), 1H-pyrazol-1-
Rt (min): 7.50-7.38 (m, 3H), 7.24 (d,J = 7.6 yl)benzyl)-2-(2-fluoro-
1.3933 Hz, 1H), 7.11-7.02 (m, 1H), 6.41 (d, J | 6-isopropylphenyl)-7,9-
= 2.4 Hz, 1H), 5.04 (s, 2H), 4.40 (d, J | dihydro-8H-purin-8-one
= 13.5Hz, 1H), 3.87 (d, J = 13.7 Hz,
1H), 3.23-3.10 (m, 1H), 2.93 (m, 1H),
2.75-2.62 (m, 2H), 2.02 (s, 3H), 1.92
(t, J = 15.6 Hz, 2H), 1.68-1.54 (m,
1H), 1.53-1.40 (m, 1H), 1.04 (d, J =
6.8 Hz, 6H).
1-475 | m/z: 9-((4-fluoro-1-
440.4162 isobutyrylpiperidin-4-
[M+H]* yl)methyl)-2-(2-
Rt (min): isopropylphenyl)-7,9-
1.345 dihydro-8H-purin-8-one
1-476 | m/z: 576.564 | '"H NMR (400 MHz, CD;0D) & 8.23 | 9-(4-(1-(1-
[M+H]J* (s, 1H), 8.15 (s, 1H), 7.53-7.51 (m, acetylazetidin-3-yl)-4-
Rt (min): 2H), 7.43-7.41 (m, 2H), 7.35-7.33 (m, | (trifluoromethyl)-1H-
1.375 3H), 7.18-7.13 (m, 1H), 5.13-5.08 (m, | imidazol-2-yl)benzyl)-2-
3H), 4.51-4.46 (m, 1H), 4.35-4.26 (m, | (2-isopropylphenyl)-7,9-
2H), 4.09-4.05 (m, 1H), 3.22-3.20 dihydro-8H-purin-8-one
(m, 1H), 1.78 (s, 3H), 1.08 (d, J = 6.8
Hz, 6H).
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Cl‘::)pd LCMS 'H NMR (300 MHz) & ppm Chemical Name
1-477 | m/z: 9-(4-(1-(1-
577.5391 acetylazetidin-3-yl)-4-
[M+H]* (trifluoromethyl)-1H-
Rt (min): imidazol-2-yl)benzyl)-2-
0.8067 (2-isopropylpyridin-3-
y1)-7,9-dihydro-8H-
purin-8-one
Example 40: General Preparation of Ureas
R;—N=C=0 (B 0
/ﬂ\ 3 (B) R1\NJ\N,R3
Ri™ Ry DIEA R, H
(A)

[00514]
(150 pL, 30 umol) in 10% DIEA/DCE, DIEA (10.48 uL, 60.0 umol) and a 0.2 M solution of the

A reaction vial containing 0.2 M solution of the appropriate purinone amine (A)

appropriate isocyanate (B) (180 puL, 36.0 umol) was stirred at ambient temperature for 20 hours,
then was treated with additional DIEA (10.48 pL, 60.0 umol) and a 0.2 M solution of the
appropriate isocyanate (180 uL, 36.0 umol) in DCE. The mixture was heated at 50°C for 24 h,
then was concentrated under a stream of nitrogen and the crude material purified by mass-

directed preparative reverse phase HPLC.

[00515] Table 15. The following compounds were synthesized according to Example 40.
Table 15.
Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
1-478 m/z: 451.1649 N-isopropyl-4-((2-(2-
[M+H]* isopropylphenyl)-7-

Rt (min): 1.38 methyl-8-oxo-7,8-
dihydro-9H-purin-9-
ylD)methyl)piperidine-1-

carboxamide
N-cyclopropyl-4-((2-(2-
isopropylphenyl)-7-
methyl-8-oxo-7,8-
dihydro-9H-purin-9-

1-479 m/z: 449.15
[M+H]*
Rt (min): 1.29
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Cmpd no. LCMS 'H NMR (300 MHz) & ppm Chemical Name
yD)methyl)piperidine-1-
carboxamide

1-480 m/z: 551.3 '"H NMR (300 MHz, CD3;0D) § 4-(1-(4-((2-(2-
[M+H]* 8.33 (s, 1H), 8.09 (d, J = 2.4 Hz, isopropylphenyl)-8-oxo-
Rt (min): 1.36 | 1H), 7.69 (d, J = 8.4 Hz, 2H), 7,8-dihydro-9H-purin-9-
7.56-7.40 (m, 5H), 7.30-7.25 (m, yl)methyl)phenyl)-1H-
1H), 6.37 (d, J = 2.4 Hz, 1H), 5.18 | pyrazol-3-yl)-N-
(s, 2H), 4.10-4.05 (m, 2H), 3.31- methylpiperidine-1-
3.25 (m, 1H), 3.02-2.87 (m, 3H), carboxamide
2.75 (s, 3H), 2.05-1.98 (m, 2H),
1.74-1.60 (m, 2H), 1.16 (d, J = 6.9
Hz, 6H).
1-481 m/z: 459.3812 1-isopropyl-3-(4-((2-(2-
[M+H]* isopropylphenyl)-7-
Rt (min): methyl-8-oxo-7,8-
1.4897 dihydro-9H-purin-9-
ylD)methyl)phenyl)urea
1-482 m/z: 475.4037 1-(4-((2-(2-
[M+H]* isopropylphenyl)-7-
Rt (min): methyl-8-oxo-7,8-
1.3534 dihydro-9H-purin-9-
yDmethyl)phenyl)-3-(2-
methoxyethyl)urea
1-483 m/z: 457.3714 1-cyclopropyl-3-(4-((2-
[M+H]* (2-1sopropylphenyl)-7-
Rt (min): methyl-8-oxo-7,8-
1.4059 dihydro-9H-purin-9-
yl)methyl)phenyl)urea
1-484 m/z: 473.4262 3-isopropyl-1-(4-((2-(2-
[M+H]* isopropylphenyl)-7-
Rt (min): methyl-8-oxo-7,8-
1.5436 dihydro-9H-purin-9-
yl)methyl)phenyl)-1-
methylurea
1-485 m/z: 489.447 1-(4-((2-(2-
[M+H]* isopropylphenyl)-7-
Rt (min): methyl-8-oxo-7,8-
1.3942 dihydro-9H-purin-9-
yDmethyl)phenyl)-3-(2-
methoxyethyl)-1-
methylurea
1-486 m/z: 471.3727 3-cyclopropyl-1-(4-((2-
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Cmpd no. LCMS

'H NMR (300 MHz) & ppm Chemical Name

[M+H]*
Rt (min):
1.445

(2-1sopropylphenyl)-7-
methyl-8-oxo-7,8-
dihydro-9H-purin-9-
yl)methyl)phenyl)-1-
methylurea

1-487 m/z: 455.4436

4-fluoro-N-isopropyl-4-

[M+H]* ((2-(2-1sopropylphenyl)-
Rt (min): 8-0x0-7,8-dihydro-9H-
1.2767 purin-9-
ylD)methyl)piperidine-1-
carboxamide
Example 41: General Protocol for Alkylation of Anilines
N/ S |
N~ Ry "Br NZ >N
T e

(A)

(B)

- 7 . \N N
Cs,CO
\\@NH 2ves \\QN/\RZ
Ry

R
1 R1 = H, CH3

[00516] A mixture of aniline (A) (either Intermediate B-104 or B-105) (0.2M in DMF,
150 puL, 30 umol), cesium carbonate (19.55 mg, 60.0 umol), and alkyl halide (B) (0.2M in DMF,
225 uL, 45.0 umol) was heated either at 80 °C for 20 h (if Ri=H) or 110 °C (if Ri=CHz3). If a
reaction was not complete after 20 h, additional alkyl halide (B) (0.2M in DMF, 225 uL, 45.0

umol) was added and the reaction heated at the appropriate temperature for an additional 20 h.

The reaction mixture was concentrated and partitioned between saturated sodium bicarbonate

(0.6 mL) and EtOAc (0.6 mL). The organic layer was separated and the aqueous phase was

extracted with EtOAc. The combined extracts were concentrated and purified by mass-triggered

preparative reverse-phase HPLC to afford the desired product.

[00517] Table 16. The following compounds were synthesized according to Example 41.
Table 16.
Cmpd no. LCMS Chemical Name

1-488 m/z: 428.37

9-(4-((cyclopropylmethyl)amino)benzyl)-2-(2-
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Cmpd no. LCMS Chemical Name

[M+H]* isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-
Rt (min): 1.5976 one

1-489 m/z: 432.36 2-(2-isopropylphenyl)-9-(4-((2-
[M+H]* methoxyethyl)amino)benzyl)-7-methyl-7,9-dihydro-
Rt (min): 1.5659 8H-purin-8-one

1-490 m/z: 442.37 9-(4-((cyclopropylmethyl)(methyl)amino)benzyl)-2-
[M+H]* (2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-
Rt (min): 1.57 8-one

1-491 m/z: 446.34 2-(2-isopropylphenyl)-9-(4-((2-
[M+H]* methoxyethyl)(methyl)amino)benzyl)-7-methyl-7,9-
Rt (min): 1.6785 dihydro-8H-purin-8-one

Example 42: General Protocol for Amine Arylation

//C/NH RuPhos Pd G3

Br—R (A)

CSQCO3, 110 °C

(i/\ //CN/R
NN
'
Ne | =0
X~ N
\

[00518] A mixture of Intermediate B-80 (0.2M in DMF, 150 pL, 30 umol), heteroaryl
bromide (A) (0.2M in DMF, 300 pL, 60 pmol), cesium carbonate (48 mg, 150 pmol), and
RuPhos Pd G3 (0.02M in DMF, 300 uL, 6 pmol) was heated for 16 h at 110 °C. The reaction

N__N

VLo
NS N
\

B-80

mixture was cooled to ambient temperature, concentrated and partitioned between 1N NaOH (0.5
mL) and EtOAc (0.5 mL). The organic layer was separated and the aqueous phase was extracted
with EtOAc. The combined organic extracts were concentrated to afford the crude product,
which was purified by mass-triggered preparatory HPLC. The product-containing fractions were

combined and concentrated in a Genevac to afford the desired product.

Table 17. The following compounds were synthesized according to Example 42.
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Table 17.
Cmpd no. | LCMS Chemical Name

1-492 m/z: 450.103 9-((1-(1,3,4-thiadiazol-2-yl)piperidin-4-yl)methyl)-2-(2-
(M+H)+ isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one
Rt (min): 1.34

1-493 m/z: 444.12 2-(2-isopropylphenyl)-7-methyl-9-((1-(pyrimidin-2-
(M+H)+ yl)piperidin-4-yl)methyl)-7,9-dihydro-8H-purin-8-one
Rt (min): 1.58

1-494 m/z: 477.4 9-((1-(2,5-dimethylthiazol-4-yl)piperidin-4-yl)methyl)-2-
(M+H)+ (2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-
Rt (min): one
1.8135

1-495 m/z: 427.16 2-(2-1sopropylphenyl)-9-(2-(pyridin-3-yl)-2-
(M+H)+ azaspiro[3.3]heptan-5-yl)-7,9-dihydro-8H-purin-8-one
Rt (min): 0.92

Example 43: General Protocol for Imidazole Alkylation

N

[00519]

L0,
NNy
oﬁNLN

1-529

R
N
R-X [/
N
NaH, DMF

NNy
o= T
/N g

A mixture of 9-(4-(1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-

7,9-dihydro-8H-purin-8-one (I-529) (80 mg, 0.19 mmol) in DMF (5 mL) was treated with

sodium hydride (60% dispersion in mineral oil, 22 mg, 0.57 mmol) at 0 °C. After stirring the

resulting mixture for 0.5 h at room temperature, the appropriate alkyl halide (1.2 equiv) was

added. The resulting mixture was stirred for 2 h at room temperature, then was poured into water

(20 mL) and was extracted with EtOAc (3 x 20 mL). The organic layers were combined, washed

with brine (20 mL), dried over anhydrous sodium sulfate, filtered and concentrated under

vacuum. The product was purified by prep-HPLC.
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[00520] Table 18. The following compounds were synthesized according to Example 43

employing the appropriate alkyl halide. Note: [-499 was subjected to an additional step

(Example 36) to remove the Boc group.

Table 18.
Cmpd no. LCMS 'H NMR (300 MHz) 6 ppm Chemical Name
1-496 m/z: 453.16 | 'TH NMR (300 MHz, CD30D) § 8.44 9-(4-(1-ethyl-1H-
[M+H]J* (s, 1H), 7.58-7.31 (m, 7H), 7.27-7.22 imidazol-2-yl)benzyl)-
Rt (min): (m, 2H), 7.01 (d, J = 1.20 Hz, 1H), 2-(2-isopropylphenyl)-
0.89 5.22 (s, 2H),4.07 (q, J = 7.2 Hz, 2H), | 7-methyl-7,9-dihydro-
3.53 (s, 3H), 3.35-3.26 (m, 1H), 1.32 8H-purin-8-one
(t,J=7.2Hz 3H), 1.14 (d,J = 6.9
Hz, 6H).
1-497 m/z: 467.2 | '"HNMR (300 MHz, CD;0D) & 8.47 9-(4-(1-isopropyl-1H-
[M+H]* (s, 1H), 7.63-7.36 (m, 7H), 7.38-7.21 imidazol-2-yl)benzyl)-
Rt (min): (m, 2H), 7.03 (d, J = 1.2 Hz, 1H), 2-(2-isopropylphenyl)-
0.95 5.25 (s, 2H), 4.53-4.44 (m, 1H), 3.53 7-methyl-7,9-dihydro-
(s, 3H), 3.35-3.30 (m, 1H), 1.39 (d, J | 8H-purin-8-one
= 6.9 Hz, 6H), 1.14 (d, J = 6.9 Hz,
6H).
1-498 m/z: 483.18 2-(2-isopropylphenyl)-
[M+H]* 9-(4-(1-(2-
Rt (min): methoxyethyl)-1H-
0.89 imidazol-2-yl)benzyl)-
7-methyl-7,9-dihydro-
8H-purin-8-one
1-499 m/z: 508.27 2-(2-isopropylphenyl)-
[M+H]* 7-methyl-9-(4-(1-
Rt (min): (piperidin-4-yl)-1H-
0.56 imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-
8-one
1-500 m/z: 475.14 | 'TH NMR (400 MHz, CDCl3) 8 8.32 (s, | 9-(4-(1-
[M+H]* 1H), 7.65 (d, J = 8.0 Hz, 2H), 7.59- (difluoromethyl)-1H-
Rt (min): 7.53 (m, 3H), 7.46-7.36 (m, 3H), 7.38- | imidazol-2-yl)benzyl)-
1.5 7.15 (m, 2H), 7.00 (t, J = 59.6 Hz, 2-(2-isopropylphenyl)-
1H), 5.22 (s, 2H), 3.54-3.45 (m, 4H), 7-methyl-7,9-dihydro-
1.77-1.28 (m, 6H). 8H-purin-8-one

9-((1-(1,4-Dimethyl-1H-imidazol-2-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8 H-purin-8-one (I-501)
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Br

/j: =0 /N%/N /j: =0
kC\ Pyridine \\CN \(/

Microwave
B-80 1-501

[00521] A mixture of Intermediate B-80 (0.2M solution in pyridine, 150 ul, 30 umol) and
2-bromo-1,4-dimethyl-1H-imidazole (0.2M solution in pyridine, 300 ul, 60 pmol) was heated for
30 min at 220 °C in a Biotage Initiator microwave. After cooling to ambient temperature, the
volatiles were removed under reduced pressure. The residue was treated with 1IN NaOH (0.5
mL) and the mixture extracted with EtOAc (2 x 0.5 mL). The volatiles were removed under
reduced pressure and the residue was purified using mass-triggered preparatory HPLC to afford
9-((1-(1,4-Dimethyl-1H-imidazol-2-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-methyl-
7,9-dihydro-8 H-purin-8-one (I-501). LCMS Rt (min): 0.9096, m/z 460.48 [M+H]".

2-(2-Isopropylphenyl)-9-((1-(4-(trifluoromethyl)pyrimidin-2-yl)azetidin-3-yl)methyl)-7,9-
dihydro-8H-purin-8-one (I-502)

CF;

KC"“ *ﬁ 46
(i/\ DIEA, 120 °C //C
g

1-502

[00522] A mixture of 9-(azetidin-3-ylmethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (obtained from tert-butyl 3-(aminomethyl)azetidine-1-carboxylate by sequentially
following Example 35 and Example 36) (0.2M in DMF, 150 pL, 30 umol), 2-chloro-4-
(trifluoromethyl)pyrimidine (0.2M in DMF, 300 uL, 60 pmol), and DIEA (17.4 pL, 100 umol)
was heated for 30 min at 120 °C in a Biotage Initiator microwave reactor. The reaction mixture
was cooled to room temperature, concentrated and partitioned between 1N NaOH (0.5 mL) and
EtOAc (0.5 mL). The organic layer was separated and the aqueous phase was extracted with
EtOAc. The combined organic extracts were concentrated to afford the crude product, which
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was purified by mass-triggered preparatory HPLC. The product-containing fractions were
combined and concentrated in a Genevac to afford 2-(2-isopropylphenyl)-9-((1-(4-
(trifluoromethyl)pyrimidin-2-yl)azetidin-3-yl)methyl)-7,9-dihydro-8H-purin-8-one (1-502).
LCMS Rt (min): 1.6367, m/z 470.3975 [M+H]*.

Example 44. 1-(4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-
N,N,5-trimethyl-1H-pyrazole-3-carboxamide (I-503)

CO,Et CO,H O N
N% N~ 2
N
N—¢ N—4 N/

0 0
HN JQ ko  HN— J@ i SOCl, 2
e e )@
| | ii. NHMe, N

_-N N._N |

<a

Step 1. 1-(4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-5-

4

methyl-1H-pyrazole-3-carboxylic acid

[00523] A mixture of ethyl 1-(4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylate (prepared from Intermediate B-32
following Example 35) (500 mg, 1.01 mmol), THF (15 mL), MeOH (15 mL), water (15 mL,)
and potassium hydroxide (170 mg, 3.03 mmol) was stirred for 18 h at room temperature. The
reaction mixture was concentrated under vacuum and diluted with water (50 mL). The pH value
was adjusted to 4 with diluted hydrochloric acid (1 N) and the solids were collected by filtration
and dried under vacuum to afford 420 mg (89%) of 1-(4-((2-(2-isopropylphenyl)-8-oxo-7,8-
dihydro-9H-purin-9-yl)methyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylic acid as a yellow
solid. MS (ESI) m/z 469.2 [M+H]".

Step 2. 1-(4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl) phenyl)-
N,N,5-trimethyl-1H-pyrazole-3-carboxamide

[00524] A mixture of 1-(4-((2-(2-isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-

yl)methyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylic acid (100 mg, 0.21 mmol) and thionyl
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chloride (10 mL) was stirred for 0.5 h at 80 °C. After cooling to room temperature, the resulting
mixture was concentrated under vacuum and dissolved in DCM (15 mL). To this solution
triethylamine (65 mg, 0.64 mmol) and dimethylamine hydrochloride (19 mg, 0.23 mmol) was
added successively at 0 °C. The resulting solution was stirred for 1 h at 0 °C then was
concentrated under vacuum. The residue was purified by prep-TLC (eluting with 20/1
DCM/MeOH) and further purified by prep-HPLC to afford 15.6 mg (15%) of 1-(4-((2-(2-
isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-N,N,5-trimethyl-1H-
pyrazole-3-carboxamide (I-503) as a white solid. "H NMR (400 MHz, CDCl3) & 8.60 (s, 1H),
7.62-7.59 (m, 3H), 7.52-7.47 (m, 2H), 7.41-7.38 (m, 2H), 7.37-7.28 (m, 1H), 6.58 (s, 1H), 5.20
(s, 2H), 3.48-3.39 (m, 1H), 3.34 (s, 3H), 3.10 (s, 3H), 2.32 (s, 3H), 1.24 (d, J = 6.80 Hz, 6H).
LCMS Rt (min): 1.3817, m/z 496.5323 [M+H]*.

1-(4-((2-(2-Cyclopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-N, N,5-
trimethyl-1H-pyrazole-3-carboxamide (I-504)

| v
NJ:N/EO
H

1-504

[00525] Ethyl 1-(4-((2-(2-cyclopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yDmethyl)phenyl)-5-methyl-1H-pyrazole-3-carboxylate (prepared from Intermediates B-32 and
B-8 following Example 31) was used to prepare 1-(4-((2-(2-cyclopropylphenyl)-8-oxo-7,8-
dihydro-9H-purin-9-yl)methyl)phenyl)-N, N,5-trimethyl-1H-pyrazole-3-carboxamide (I-504)
following Example 44. LCMS Rt (min): 1.2917, m/z 494.5584 [M+H]*
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9-((4-Fluoro-1-(pyridin-3-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (I-505)

=
A o L
(o] 0 ‘ N
eSS T U I U
N
(&( ) HC ‘K&(N i XPhos Pd 2G (&( F

Stap 1 KOt-Bu
Step 2

1-505

Step 1. 9-((4-Fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-

one hydrochloride

[00526] To a solution of fert-butyl 4-fluoro-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-
9H-purin-9-yl)methyl)piperidine-1-carboxylate (prepared from tert-butyl 4-(aminomethyl)-4-
fluoropiperidine-1-carboxylate following Example 35) (0.18 g, 0.383 mmol) in 1,4-dioxane (2
mL) was added HCI (4M in 1,4-dioxane, 1.725 mL, 6.90 mmol) at ambient temperature. The
reaction mixture was heated to 50 °C for 1h, then was cooled to ambient temperature. The
resulting white solids were collected by vacuum filtration, washed with ether and dried under
reduced pressure to afford 9-((4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one hydrochloride (151 mg, 97%). MS (ESI) m/z 370.12 [M+H]*.

Step 2. 9-((4-Fluoro-1-(pyridin-3-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one

[00527] A mixture of 9-((4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7H-purin-
8(9H)-one (20 mg, 0.054 mmol), 3-bromopyridine (17 mg, 0.11 mmol), sodium ters-butoxide (16
mg, 0.162 mmol), and XPhos Pd G2 (4.26 mg, 5.41 umol) was evacuated and backfilled with
nitrogen three times before 1,4-dioxane (1.2 mL) was added and nitrogen was bubbled through
the reaction mixture. The reaction vial was sealed and heated to 100 °C for 48 h. After cooling
to ambient temperature, the mixture was diluted with EtOAc, sequentially washed with water
and brine, dried over sodium sulfate, filtered, concentrated and purified by reverse phase HPLC
to afford 9-((4-fluoro-1-(pyridin-3-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one (I-505) (10.8 mg, 45% yield). 'H NMR (300MHz, CDCl3): § 8.31 (s, 1H), 7.51
(brd, J = 7.6 Hz, 1H), 7.39-7.31 (m, 2H), 7.25-7.16 (m, 5H), 7.12 (br s, 1H), 4.15 (s, 1H), 4.09
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(s, 1H), 3.47 (m, 3H), 3.11-2.99 (m, 2H), 1.97 (m, 4H), 1.16 (d, J = 7.0 Hz, 6H). LCMS Rt
(min): 0.835, m/z 447.38 [M+H]*.

9-(4-(1-(2-hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8H-purin-8-one (I-506)

BnO
X CH3SO3H

1-506

HO

[00528] A solution of 9-(4-(1-(2-(benzyloxy)ethyl)-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one (prepared from Intermediate B-34
following Example 35) (100 mg, 0.16 mmol), DCM (5 mL) and methanesulfonic acid (1 mL)
was stirred for 18 h at ambient temperature. The reaction mixture was concentrated under
vacuum and the residue was purified by prep-HPLC to afford 9-(4-(1-(2-hydroxyethyl)-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one
(I-506) (22.0 mg, 26%) as a white solid. "H NMR (400 MHz, DMSO-ds) 6 8.37 (d, J = 1.2 Hz,
1H), 7.94 (s, 1H), 7.66-7.64 (m, 2H), 7.54-7.33 (m, 5H), 7.28-7.19 (m, 1H), 5.09 (s, 2H), 5.05
(brs, 1H), 4.05 (t, J = 5.6 Hz, 2H), 3.67 (t, J = 5.6 Hz, 2H), 3.47-3.45 (m, 1H), 1.08 (d, J = 6.8
Hz, 6H). LCMS Rt (min): 1.405, m/z 523.41 [M+H]".

7-Ethyl-2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-507)

/\B(OH)2
N~ | / \
= \N
SN l ﬂ CF N CF
j/ 3 Cu(OAc),, Na,CO,4 N _7/ 3
1-5607
[00529] A mixture of ethylboronic acid (14.97 mg, 0.203 mmol), 2-(2-isopropylpyridin-3-

y1)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-
2) (50 mg, 0.101 mmol) and sodium carbonate (21.48 mg, 0.203 mmol) in DCE (1 mL) and
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DMF (0.3 mL) was treated with a suspension of copper (II) acetate (18.40 mg, 0.101 mmol) and
2,2'-bipyridine (15.82 mg, 0.101 mmol) in hot DCE (0.5 mL) and the mixture was stirred at 70°C
for 24 h. The reaction mixture was cooled to room temperature and was washed with
successively with saturated aqueous ammonium chloride and water. The organic layer was
separated and the aqueous layer was extracted with DCM (3x). The combined organic layers
were washed with brine, dried over sodium sulfate, filtered, concentrated under reduced pressure
and purified by prep-HPLC to afford 7-ethyl-2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-507) (2.0 mg, 4%
yield). 'H NMR (300MHz, CDCl3) & 8.59 (dd, J = 1.5, 4.7 Hz, 1H), 8.26 (s, 1H), 7.90 - 7.84 (m,
1H), 7.53 (m, 4H), 7.21 (s, 1H), 7.16 - 7.12 (m, 1H), 5.12 (s, 2H), 3.95 (d, J = 7.3 Hz, 2H), 3.66
(s, 3H), 3.63 - 3.56 (m, 1H), 1.36 (t, J = 7.3 Hz, 3H), 1.23 (d, J = 6.7 Hz, 6H). LCMS Rt (min):
1.112, m/z 522.4744 [M+H]*.

Example 4s. 9-((5-(1H-Pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-508)
)
HN—/

¥ N
NZ N N*”
" o T oo

(= DMF \\f
&\/\CI microwave 7

1-508

[00530] A mixture of 9-((5-chloropyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7H-purin-
8(9H)-one (prepared from (5-chloropyrazin-2-yl)methanamine following Example 35) (150 pL
of a 0.2M solution in DMF, 30 umol), potassium carbonate (20 mg, 145 umol) and 1H-pyrazole
(500 uL of a 0.2M solution in DMF, 100 umol) was sequentially heated for 10 min at 150 °C
and 30 min at 160 °C in a Biotage microwave. The volatiles were removed under reduced
pressure, 1IN NaOH (0.5 mL) was added, and the mixture extracted with EtOAc (2 x 0.5 mL).
The combined organic extracts were concentrated and purified by mass-triggered preparatory
HPLC to afford 9-((5-(1H-pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one (I-508). LCMS Rt (min): 1.425, m/z 413.3142 [M+H] *.
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9-((5-(1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (I-509)

~ N
e

N~ N N

PR
1-509

[00531] 9-((5-Chloropyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
8-one (prepared from (5-chloropyrimidin-2-yl)methanamine following Example 35) was used to
prepare  9-((5-(1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (I-509) according to Example 45. LCMS Rt (min): 1.2867, m/z 413.3143 [M+H]".

9-((5-(3,5-Dimethyl-1H-pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-510)

N
N/
T
N N
\fN N
h%r}’j

1-5610
[00532] 9-((5-(3,5-Dimethyl-1H-pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8 H-purin-8-one (I-510) was prepared according to Example 45,

substituting 3,5-dimethyl-1H-pyrazole for 1H-pyrazole. LCMS Rt (min): 1.595, m/z 441.3356
[M+H]*.
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9-((5-(3,5-Dimethyl-1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-511)

/j: >:o
N
1-511

[00533] 9-((5-(3,5-dimethyl-1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8H-purin-8-one was prepared in an analogous fashion to 9-((5-
(1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one (I-
511), substituting 3,5-dimethyl-1H-pyrazole for 1H-pyrazole. LCMS Rt (min): 1.3917, m/z
441.3604 [M+H]*.

2-(2-Isopropylphenyl)-9-(4-(2-oxopyrrolidin-1-yl)benzyl)-7,9-dihydro-8 H-purin-8-one  (I-
512)

HN
O
H Me4tButylXph
Z e4tButylXphos
N/\/\E =0 Pd,(dba)s, KsPO,
\\Qon Q
B-78 1-612
[00534] Note: All solutions are in fert-butanol unless specifically noted. Under a nitrogen

atmosphere, a mixture of 0.2M Intermediate B-78 (150 pL, 30 umol), 0.2M pyrrolidin-2-one
(225 pl, 45.0 pmol), 0.02M Pdz(dba)s (37.5 ul, 0.750 pmol) and 0.02 M Me4tButylXPhos (75
ul, 1.500 pmol) and potassium phosphate (9.55 mg, 45.0 umol) was heated to 110 °C. After 2 h,
additional solutions of pyrrolidin-2-one (225 ul, 45.0 umol), Pd>(dba)z (37.5 ul, 0.750 umol) and
Me4tButylXPhos (75 pl, 1.500 umol) were added and the reaction mixture heated 16 h at 110
°C. After cooling to ambient temperature, the reaction mixture was concentrated to dryness,
treated with saturated sodium bicarbonate (600 puL) and extracted with EtOAc (2 x 600 uL). The
combined extracts were applied to a SiliaMetS® Dimercaptotriazine (DMT) resin and eluted
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with 10% MeOH/EtOAc (3 mL). The eluent was dried under a stream of nitrogen and the
residue was purified by mass-directed preparative reverse phase HPLC to afford 0.8 mg (6%
yield) of 2-(2-isopropylphenyl)-9-(4-(2-oxopyrrolidin-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one
(I-512). LCMS Rt (min): 1.3542, m/z 428.3326 [M+H]".

9-(4-(1H-tetrazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one (I-513)

H N
J:j: =0 i. NaN3, CuSO, \/\/l[ =0
~ N
clI” N~ N N

ii. XPhos Pd G2 \\Q\(N\N
CN  XPhos, KsPO, h

HN-N
B(OH), 1-513

[00535] A mixture of 4-((2-chloro-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzonitrile
(prepared from 4-(aminomethyl)benzonitrile following Example 18) (0.2M in DMSO, 150 uL,
30 umol), sodium azide (1.950 mg, 30.0 umol) and copper(Il) sulfate pentahydrate (0.02M in
DMSO, 30.0 pL, 0.600 umol) was heated at 110 °C for 2.5 h then at 140 °C for 2 h. The
reaction was cooled, treated with 1IN HCl (600 pL) and the mixture extracted with EtOAc (2x
600 uL). The combined organic extracts were concentrated, dissolved in dioxane (150 uL) and
treated sequentially with (2-isopropylphenyl)boronic acid (0.2M in dioxane, 225 puL, 45.0 pumol),
IM potassium phosphate, XPhos Pd G2 (0.02M in dioxane, 30.0 uL, 0.600 umol) and XPhos
(0.02M in dioxane, 45.0 uL, 0.900 umol). The mixture was placed under an atmosphere of
nitrogen, then was heated to 80 °C for 16 h. The reaction mixture was recharged with (2-
isopropylphenyl)boronic acid (0.2M in dioxane, 225 puL, 45.0 umol), 1M potassium phosphate,
XPhos Pd G2 (0.02M in dioxane, 30.0 pL, 0.600 umol) and XPhos (0.02M in dioxane, 45.0 puL,
0.900 pmol) and was heated at 110 °C starting for an additional 7.5 h. The reaction mixture was
concentrated, treated with 1IN HCI (600 puL) and extracted with EtOAc (2 x 600 uL). The
combined organic extracts were applied to a SiliaMetS® Dimercaptotriazine (DMT) resin and
eluted with 10% MeOH/EtOAc (3 mL). The eluent concentrated and purified by mass-directed
preparative reverse phase HPLC to afford 0.5 mg (4%) of 9-(4-(1H-tetrazol-5-yl)benzyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8H-purin-8-one (I-513). LCMS Rt (min): 1.2317, m/z 413.3142
[M+H]*.
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9-((1-(2,5-Dimethylthiazol-4-yl)-4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-514)

Br
N
H _<sj\ ﬂ

N o’
=0 Ruphos Pd G2

< L =0
N~ N E N~ N EF
Ruphos, NaOt-Bu
MCNH MCN \}S
=

[00536] Note: All reagents are solutions in THF unless specifically noted. Under an

1-514

atmosphere of nitrogen, a mixture of 9-((4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one (11.08 mg, 30 umol), sodium tert-butoxide (5.77 mg, 60.0 pmol),
THF (250 pL), 4-bromo-2,5-dimethylthiazole (0.2M, 165 uL, 33.0 umol), RuPhos precatalyst
(0.02M, 75 pL, 1.500 pmol) and RuPhos (0.02M, 75 uL, 1.500 umol) was heated to 100 °C for
20 h. The reaction was concentrated, treated with saturated sodium bicarbonate (600 puL) and
extracted with EtOAc (2 x 600 uL). The combined extracts were concentrated and purified by
mass-directed preparative reverse phase HPLC to afford 1.0 mg (7% yield) of 9-((1-(2,5-
dimethylthiazol-4-yl)-4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one (I-514). LCMS Rt (min): 1.6817, m/z 481.44 [M+H]".
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9-(4-(4-cyclopropyl-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7-
methyl-7,9-dihydro-8 H-purin-8-one (I-515)

N HN HCI
o]
\ o]
Nf{N\Q \N’/<
(g( HC' (N CH3NH2 HCI
NN TEOH N " DEA
XN
l Step 1 N Step 2
_N l N
~
HN
N/ N™ N\
H \

N
N. N CuCly 2H,0, py (gf

N82003, 02 N.__N
| X
_N Step 3 | SN
N

1-515

Step 1. Ethyl 4-((2-(2-isopropylpyridin-3-yl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)benzimidate hydrochloride

[00537] A mixture of 4-((2-(2-isopropylpyridin-3-yl)-7-methyl-8-0x0-7,8-dihydro-9H-
purin-9-yl)methyl)benzonitrile  (prepared from 4-(aminomethyl)benzonitrile  following
sequentially Examples 31 and 33) (400 mg, 1.04 mmol) and a solution of HCI in EtOH (33%
wt/v, 2 mL) was stirred for 3 h at ambient temperature. The reaction mixture was concentrated
under vacuum to afford ethyl 4-((2-(2-isopropylpyridin-3-yl)-7-methyl-8-oxo-7,8-dihydro-9H-
purin-9-yl)methyl)benzimidate hydrochloride as a yellow solid. MS (ESI) m/z: 431.4 [M+H-
HCIJ*.

Step 2. 4-((2-(2-Isopropylpyridin-3-yl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)-
N-methylbenzimidamide

[00538] A mixture of methanamine hydrochloride (349 mg, 5.17 mmol), MeOH (10 mL),
DIEA (1.34 g, 10.37 mmol) and ethyl 4-((2-(2-isopropylpyridin-3-yl)-7-methyl-8-0x0-7,8-
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dihydro-9H-purin-9-yl)methyl)benzimidate hydrochloride (540 mg, 1.15 mmol) was stirred
overnight at ambient temperature. The reaction mixture was concentrated under vacuum and the
residue was purified by prep-TLC (eluting with 1/5 MeOH/DCM) to afford 200 mg (38%) of 4-
((2-(2-1sopropylpyridin-3-yl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)-N-
methylbenzimidamide as a white solid. MS (ESI) m/z: 416.4 [M+H]*.

Step 3. 9-(4-(4-Cyclopropyl-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-
7-methyl-7,9-dihydro-8 H-purin-8-one

[00539] A sealed tube was charged with 4-((2-(2-isopropylpyridin-3-yl)-7-methyl-8-oxo-
7,8-dihydro-9H-purin-9-yl)methyl)-N-methylbenzimidamide (100 mg, 0.24 mmol), copper(Il)
chloride dihydrate (8 mg, 0.05 mmol), sodium carbonate (51 mg, 0.48 mmol), DCE (0.5 mL) and
pyridine (38 mg, 0.48 mmol). To this mixture oxygen was introduced, followed by slow
addition of a solution of ethynylcyclopropane (32 mg, 0.48 mmol) in DCE (2 mL) over 10 h
using a syringe pump (0.2 mL/h) at 70 °C. The resulting solution was stirred for 24 h at 70 °C
then was cooled to room temperature and the reaction mixture filtered and concentrated. The
residue was purified by prep-TLC (eluting with 1/5 MeOH/DCM) and the product was further
purified by prep-HPLC resulting in 3.6 mg (3%) of 9-(4-(4-cyclopropyl-1-methyl-1H-imidazol-
2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one  (I-515) as a
white solid. 'TH NMR (400 MHz, CD;0D) § 8.71 (br s, 1H), 8.59-8.51 (m, 2H), 7.76-7.71 (m,
5H), 7.34 (s, 1H), 5.32 (s, 2H), 4.01-3.97 (m, 1H), 3.87 (s, 3H), 3.81 (s, 3H), 1.98-1.94 (m, 1H),
1.37-1.28 (m, 6H), 1.09-1.08 (m, 2H), 0.84-0.83 (m, 2H). LCMS Rt (min): 0.5475, m/z 480.4
[M+H]*.

Example 46. 9-(4-(1H-Pyrazol-1-yl)benzyl)-2-(3-isopropylpyridin-4-yl)-7-methyl-7,9-

dihydro-8H-purin-8-one (I-516)
Sn(n-Bu);
QNQ\\ SN
B-60

o:<N | N\\l/Cl
/NLN Pd(PPhj)s, LiCl

DMF, 140 °C

B-70
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[00540] In an 8 mL round-bottom flask purged and maintained with an inert atmosphere
of nitrogen, a mixture of Intermediate B-60 (80 mg, 0.20 mmol), DMF (2 mL), Intermediate B-
70 (66 mg, 0.19 mmol), tetrakis(triphenylphosphine)palladium(0) (23 mg, 0.02 mmol) and
lithium chloride (25 mg, 0.60 mmol) was stirred for 16 h at 140 °C. After cooling to room
temperature, the reaction mixture was concentrated under vacuum and purified by prep-TLC
(eluting with 1:1 EtOACc/PE) followed by prep-HPLC to afford 1.6 mg (2%) of 9-(4-(1H-pyrazol-
I-yl)benzyl)-2-(3-isopropylpyridin-4-yl)-7-methyl-7,9-dihydro-8H-purin-8-one  (I-516) as a
white solid. "H NMR (300 MHz, CD30D) § 8.64 (s, 1H), 8.52-8.46 (m, 2H), 8.20 (d, J = 2.40
Hz, 1H), 7.74-7.09 (m, 3H), 7.63-7.54 (m, 3H), 6.52-6.51 (m, 1H), 5.22 (s, 2H), 3.62-3.53 (m,
4H), 1.22 (d, J = 6.90 Hz, 6H). LCMS Rt (min): 1.08, m/z 426.19 [M+H]*.

9-(4-(1H-Pyrazol-1-yl)benzyl)-2-(3-isopropylpyridin-2-yl)-7-methyl-7,9-dihydro-8H-purin-
8-one (I-517)

1-617

[00541] 9-(4-(1H-Pyrazol-1-yl)benzyl)-2-(3-1sopropylpyridin-2-yl)-7-methyl-7,9-dihydro-
8H-purin-8-one (I-517) was prepared as a white solid following Example 46. '"H NMR (300
MHz, CDs;0D) ¢ 8.52-8.46 (m, 2H), 8.20-8.19 (m, 1H), 7.99-7.96 (m, 1H), 7.72-7.69 (m, 3H),
7.57-7.50 (m, 3H), 6.52-6.50 (m, 1H), 5.22 (s, 2H), 3.56 (s, 3H), 3.17-3.08 (m, 1H),1.16 (d, J =
6.90 Hz, 6H). LCMS Rt (min): 1.17, m/z 426.255 [M+H]*.
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Example 47. 2-(2-Isopropylphenyl)-9-(4-(1-(2-methoxyethyl)-1H-pyrazol-4-yl)benzyl)-7,9-
dihydro-8H-purin-8-one (I-518)

\
A XNQB\O ©i\ WQ/QFLI
N__N
N N/EO c\)
H

NN
| o XPhos Pd G,, XPhos
N%IN>: K20023
H
B-78 1-518
[00542] In a microwave reaction vial were combined Intermediate B-78 (14.77 mg, 30

umol), 1-(2-methoxyethyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (11.35
mg, 45.0 umol), THF (1.5 ml), 1 M potassium carbonate (150 pL, 150 pumol), a 0.02 M solution
of XPhos Pd G2 in THF (30.0 ul, 0.600 pmol), and a 0.02 M solution XPhos in THF (45.0 ul,
0.900 pmol). The vial was sealed and repeatedly evacuated and back-filled with nitrogen, then
was heated at 160 °C for 20 min in a microwave reactor. The reaction was dried down under
nitrogen and the residue was partitioned between saturated sodium bicarbonate (600 uL) of and
EtOAc (600 uL). The organic layer was separated and combined with a second EtOAc extract,
and the combined extracts applied to a Silicycle SilicaMetSDMT resin and eluted with 10%
MeOH/ EtOAc (3 mL). The eluent was dried under nitrogen and the residue was purified by
mass-directed preparative reverse phase HPLC to afford 6.7 mg (47% yield) of 2-(2-
isopropylphenyl)-9-(4-(1-(2-methoxyethyl)-1H-pyrazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-
one (I-518). LCMS Rt (min): 1.43, m/z 469.21 [M+H]*.

2-(2-Isopropylphenyl)-9-(4-(1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl)benzyl)-7,9-
dihydro-8H-purin-8-one (I-519)

H
z N
N\/N\/\E N>:0 /C?
N

1-519

[00543] 2-(2-Isopropylphenyl)-9-(4-(1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazol-4-
yDbenzyl)-7,9-dihydro-8 H-purin-8-one (I-519) was synthesized from 1-(tetrahydro-2H-pyran-4-
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yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole following Example 47. LCMS
Rt (min): 1.4575, m/z 495.4285 [M+H]".

9-(4-(1-(2-(Dimethylamino)ethyl)-1H-pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-520)

KQ/CN

X_N

/N N \\\N/
N
H

1-520

9-(4-(1-(2-(Dimethylamino)ethyl)-1H-pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one (I-520) was obtained following Example 47. LCMS Rt (min): 0.87, m/z 482.27
[M+H]*.

9-(4-(1-(2-(Dimethylamino)ethyl)-1H-1,2,3-triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one (I-521)

N:N
N N\\\\\
NN N
NJ:H/EO
N
1-621
[00544] A solution of (2-bromoethyl)dimethylamine hydrobromide (2 g, 8.59 mmol) in

acetone (12 mL), water (4 mL), 1,8-diazabicyclo[5.4.0]Jundec-7-ene (2.6 g, 17.08 mmol) and
sodium azide (1.12 g, 17.23 mmol) was stirred for 4 h at 50 °C, which after cooling to room
temperature resulted in a solution of 2-azido-N, N-dimethylethanamine in acetone and water (0.53
M, 16 mL) which was used in the preparation of 9-(4-(1-(2-(dimethylamino)ethyl)-1H-1,2,3-
triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one (I-521) following
Example 48. '"H NMR (400 MHz, CDs;OD) $ 8.33 (d, J = 7.20 Hz, 2H), 7.79 (d, J = 7.20 Hz,
2H), 7.50-7.38 (m, 5H), 7.23-7.20 (m, 1H), 5.17 (s, 2H), 4.57 (t, J = 6.40 Hz, 2H), 3.26-3.25 (m,
1H), 2.88 (t, J = 6.40 Hz, 2H), 2.30 (s, 6H), 1.11 (d, J = 6.80 Hz, 6H). LCMS Rt (min): 0.82,
m/z 483.19 [M+H]*.
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Example 48. 9-(4-(1-(2-Hydroxyethyl)-1H-1,2,3-triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one (I-522)

O o O
Cul \\\
N - > N

'’

Z N N OH
NJ:N/EO DIEA NJ: —o
H
H
N
B-135 1-5622
[00545] A mixture of 2-iodoethan-1-ol (500 mg, 2.91 mmol), acetone (6 mL), water (2

mL) and sodium azide (378 mg, 5.81 mmol) was stirred for 4 h at 50 °C, which after cooling to
room temperature resulted in a solution of 2-azidoethan-1-ol in acetone and water (0.36 M, 8

mL) which was used directly in the next step.

[00546] In a vial purged and maintained with an inert atmosphere of nitrogen, a mixture of
2-azidoethan-1-ol solution in acetone and water (0.36 M, 2 mL, 0.73 mmol), Intermediate B-135
(15 mg, 0.04 mmol), copper(l) iodide (0.77 mg, 0.004 mmol) and DIEA (10.6 mg, 0.08 mmol)
was stirred for 1 h at 20 °C. The reaction mixture was concentrated under vacuum and the
residue was purified by prep-HPLC to afford 8 mg (42%) of 9-(4-(1-(2-hydroxyethyl)-1H-1,2,3-
triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one (I-522) as a white solid.
'"H NMR (400 MHz, CD3;0D) & 8.32 (s, 2H), 7.80-7.78 (m, 2H), 7.50-7.38 (m, 5H), 7.27-7.23
(m, 1H), 5.16 (s, 2H), 4.52 (t, J =5.20 Hz, 2H), 3.97 (t, J = 5.20 Hz, 2H), 3.27-3.25 (m, 1H),
1.13 (d, J = 7.20 Hz, 6H). LCMS Rt (min): 1.16, m/z 456.147 [M+H]*

9-(4-(1H-1,2,3-triazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one  (I-

523)
K®/§ K@J N
TMSNs,, Cul H
N
- | N/E DMF/MeOH, 100 °C NN
NJ:N ° ! NJ:N/EO
H H

B-135 1-523

[00547] In a flask purged and maintained with an inert atmosphere of nitrogen, a mixture
of Intermediate B-135 (30 mg, 0.08 mmol), azidotrimethylsilane (88 mg, 0.76 mmol), copper(I)
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iodide (1.45 mg, 0.01 mmol), DMF (2.8 mL) and MeOH (0.4 mL) was stirred for 18 h at 100 °C.
The reaction mixture was concentrated under vacuum and the residue was purified by prep-
HPLC to afford 25 mg (74%) of 9-(4-(1H-1,2,3-triazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8 H-purin-8-one (I-523) as a white solid. 'H NMR (400 MHz, CD3;0D) § 8.32 (s, 1H),
8.13 (s, 1H), 7.80 (d, J = 8.40 Hz, 2H), 7.50-7.38 (m, 5H), 7.27-7.23 (m, 1H), 5.17 (s, 2H), 3.30-
3.24 (m, 1H), 1.11 (d, J = 6.80 Hz, 6H). LCMS Rt (min): 1.24, m/z 412.1518 [M+H]".

Methyl 2-(9-(4-(1-Methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-8-0x0-8,9-dihydro-
7H-purin-2-yl)benzoate (I-524)

N/ N/
/ /
F3C/£;|/>\©\\ SOCl, FSC/Q)\Q\\
NN~ ; MeOH NN
I I

O_“/NLN CO,H °:<NJ;N CO,Me

H H

1-524
[00548] A mixture of 2-(9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-8-

0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid (prepared from Intermediate B-49 and (2-
(methoxycarbonyl)phenyl)boronic acid following the conditions of Example 32) (64 mg, 0.13
mmol), thionyl chloride (20 mg, 0.15 mmol) and MeOH (1 mL) was stirred overnight at ambient
temperature then was concentrated under vacuum. The residue was purified by prep-HPLC to
afford 60 mg (91%) of methyl 2-(9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-
8-0x0-8,9-dihydro-7H-purin-2-yl)benzoate (I-524) as a white solid. 'H NMR (400 MHz,
CD3OD) 6 8.32 (s, 1H), 7.93 (d, J = 7.60 Hz, 1H), 7.69-7.60 (m, 7H), 7.55-7.52 (m, 1H), 5.20 (s,
2H), 3.75 (s, 3H), 3.58 (s, 3H). LCMS Rt (min): 1.3548, m/z 509.4 [M+H]*.
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2-(2-(2-hydroxypropan-2-yl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-525)

F1C
% .
/ N\>\©ﬁ il ")\Qﬁ g
\ \ N__N
o< 1T
H
1-524 1-5625

[00549] In a 25 mL round-bottom flask purged and maintained with an inert atmosphere
of nitrogen at 0 °C, a mixture of I-524 (100 mg, 0.20 mmol) and THF (3 mL) was treated
dropwise with a 1M solution of methyl magnesium bromide in THF (1.96 mL, 1.96 mmol). The
resulting solution was stirred for 5 h while warming to ambient temperature, then was quenched
by the addition of water (5 mL). The mixture was extracted with EtOAc (3 x 5 mL) and the
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by silica gel chromatography (eluting with 0~100%
EtOAc/PE) and further purified by prep-HPLC to afford 17.3 mg (17%) of 2-(2-(2-
hydroxypropan-2-yl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one (I-525) as a white solid. "H NMR (400 MHz, CD30D) & 8.31 (s, 1H),
7.70-7.66 (m, 1H), 7.66-7.56 (m, 6H), 7.48-7.39 (m, 1H), 7.39-7.31 (m, 1H), 5.22 (s, 2H), 3.75
(s, 3H), 1.43 (s, 6H). LCMS Rt (min): 1.2983, m/z 509.4 [M+H]*.
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2-(2-(1-Hydroxycyclopropyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-526) and 9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-2-(2-propionylphenyl)-7,9-dihydro-8 H-purin-8-one (I-527)

CFs
~ ~
N/% N/yCFp, N/yCFg,
LN =N =N
o \ o) o)
HN’{ Ti(OiPr)4, EtMgBr HN \ HN '
+
" me Y
N<__N N< _N N~ _N o
COzMe OH
1-524 1-526 1-527
[00550] A mixture of I-524 (40 mg, 0.08 mmol), THF (1 mL) and titanium isopropoxide

(22 mg, 0.08 mmol) was treated with dropwise addition of a solution of ethyl magnesium
bromide in diethyl ether (3M, 0.13 mL 0.39 mmol) and the resulting solution was stirred for 18 h
at ambient temperature. The reaction was then quenched by the addition of water (2 mL) and the
mixture was extracted with EtOAc (3 x 2 mL). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by
prep-HPLC to afford 1.4 mg (4%) of 2-(2-(1-hydroxycyclopropyl)phenyl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-526) as an off-white
solid and 1.3 mg (3%) of 9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
propionylphenyl)-7,9-dihydro-8 H-purin-8-one (I-527) as an off-white solid.

[00551] I-526: '"H NMR (300 MHz, CDsOD) § 8.43 (s, 1H), 7.96-7.92 (m, 1H), 7.68-7.56
(m, 6H), 7.46-7.41 (m, 2H), 5.29 (s, 2H), 3.77 (s, 3H), 0.88-0.84 (m, 2H), 0.67-0.63 (m, 2H).
LCMS Rt (min): 1.3952, m/z 507.4 [M+H]".

[00552] 1-527: 'H NMR (300 MHz, CD30D) & 8.29 (s, 1H), 8.19-8.16 (m, 1H), 7.67-7.52
(m, 7H), 7.41-7.38 (m, 1H), 5.22 (s, 2H), 3.75 (s, 3H), 2.64 (q, J = 9.00 Hz, 2H), 1.05 (t, J =
9.00 Hz, 3H). LCMS Rt (min): 1.031, m/z 507.4 [M+H]".

344

139258290 v1
05/20/20



FOTH-026/01WO (314575-2221)

9-(4-(1H-Pyrazol-1-yl)benzyl)-2-(2-(2-hydroxypropan-2-yl)phenyl)-7,9-dihydro-8 H-purin-
8-one (I-528)

C o
N (/N
MO oo~

N~ N | THF N~ N |
Oﬂ\NLN o) O#NL/N
H H OH
1-528
[00553] Into an 8 mL vial purged and maintained with an inert atmosphere of nitrogen, a

solution  of  9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-acetylphenyl)-7,9-dihydro-8H-purin-8-one
(prepared according to Example 31) (50 mg, 0.12 mmol) in THF (2 mL) was treated with
dropwise addition of a solution of methyl magnesium chloride in THF (3 M, 0.4 mL, 1.20 mmol)
at -30 °C. The resulting solution was stirred for 2 h at 0 °C then was quenched by the addition of
saturated ammonium chloride solution (5 mL) and was extracted with EtOAc (2 x 5 mL). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified prep-TLC (eluting with 1/1 EtOAc/PE) and further
purified by prep-HPLC resulting in 5.6 mg (11%) of 9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(2-
hydroxypropan-2-yl)phenyl)-7,9-dihydro-8H-purin-8-one (I-528) as a white solid. '"H NMR (300
MHz, CD;0D) 6 8.31 (s, 1H), 8.20 (d, J = 2.70 Hz, 1H), 7.77-7.67 (m, 3H), 7.70-7.53 (m, 4H),
7.48-7.35 (m, 2H), 6.52-6.51 (m, 1H) 5.19 (s, 2H), 1.44 (s, 6H). LCMS Rt (min): 1.2, m/z
427.1617 [M+H]*.

9-(4-(1H-Imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-
one (I-529)

N \
\ G
KOAN‘) 1. NaH, Mel N
A No N
NN 2. TFA z
NJ: =0 NJ:N>:0
H

1-529
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[00554] 2-(2-Isopropylphenyl)-9-(4-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1 H-imidazol-2-
yDbenzyl)-7,9-dihydro-8H-purin-8-one (prepared from Intermediate B-31 following Example
31) was transformed into 9-(4-(1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one (I-529) by sequentially following Example 33 (step 1) and Example 36
(step 2). 'H NMR (300 MHz, CDs0D) $ 8.30 (s, 1H), 8.06 (s, 1H), 7.67-7.64 (m, 2H), 7.51-7.49
(m, 2H), 7.29-7.22 (m, 2H), 7.14-7.07 (m 1H), 6.35 (s, 1H), 5.15 (s, 2H), 4.55-4.51 (m, 1H),
4.01-3.96 (m,1H), 3.32-3.12 (m, 1H), 1.13-1.10 (m, 6H). LCMS Rt (min): 0.82, m/z 425.11
[M+H]*.
2-(9-(4-(1H-Pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-8-0x0-8,9-dihydro-7H-purin-7-

yl)propanoic acid (I-530)

HO,C
HO™ “CO,Me

H
e \
SN i. DIAD, PhgP \/I =0
N N
\\Q N ji. LIOH
- .
N \
N

1-145 1-530

[00555] Note: All reagents are 0.2M in anhydrous THF. Under nitrogen, a solution of I-
145 (150 pL, 0.030 mmol), methyl 2-hydroxypropanoate (165 uL, 0.033 mmol) and
triphenylphosphine (180 puL, 0.036 mmol) was treated with diisopropyl azodicarboxylate (180
uL, 0.036 mmol) and heated to 50 °C. After 2 h, additional triphenylphosphine (180 uL, 0.036
mmol) and diisopropyl azodicarboxylate (180 uL, 0.036 mmol) were added and heating at 50 °C
was continued for 2 h. The solution was concentrated under reduced pressure, the residue treated
with 1N NaOH (0.5 mL) and the mixture extracted with EtOAc (2 x 0.5 mL). The combined
extracts were concentrated and the residue was taken up in EtOH (300 ulL) and 10M aqueous
lithium hydroxide (30 pL, 300 umol) and heated at 50 °C for 4 h. The reaction mixture was
concentrated under reduced pressure, diluted with water (200 uL) and titrated to pH 6 with 1N
HCI. The mixture was extracted with EtOAc (2 x 0.5 mL), the volatiles removed under reduced
pressure, and the residue purified by mass-triggered preparatory HPLC to afford 2-(9-(4-(1H-
pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-8-0x0-8,9-dihydro-7H-purin-7-yl)propanoic acid (I-
530). LCMS Rt (min): 1.62, m/z 483.1173 [M+H]*.
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Example 49. 2-(2-(Difluoromethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-6-(methylamino)-7,9-dihydro-8 H-purin-8-one (I-531)

HO.__OH CF3

CF, B

CFy WA
oO_F
N/% N/% \ S Y \ N
LN LN N F 0 \
0 N —NH, 0 \ XPhosPd G2 XPhos . HN—X
HN*/( - HN’/< - NWN

H -
- AN
‘ N._N
N

N Step 2
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\cg E ha
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B-133 I-531
Step 1. 2-Chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-6-

(methylamino)-7,9-dihydro-8 H-purin-8-one

[00556] A suspension of Intermediate B-133 (13.30 mg, 0.030 mmol) in EtOH (200 uL)
was treated with a solution methylamine (33 wt. % in EtOH, 1.0 mL, 8.0 mmol) and the reaction
was heated at 50 °C for 96 h. After cooling to room temperature, the volatiles were removed
under a stream of nitrogen and the residue partitioned between saturated sodium bicarbonate
(600 uL) and EtOAc (600 uL). The organic layer was separated and combined with a second
extract of EtOAc (600 uL). The combined extracts were concentrated under a stream of nitrogen
to afford crude 2-chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-6-
(methylamino)-7,9-dihydro-8 H-purin-8-one.

Step 2. 2-(2-(Difluoromethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-6-(methylamino)-7,9-dihydro-8 H-purin-8-one

[00557] 2-(2-(Difluoromethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1 H-
imidazol-2-yl)benzyl)-6-(methylamino)-7,9-dihydro-8 H-purin-8-one (I-531) was obtained from
2-chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1 H-imidazol-2-yl)benzyl)-6-(methylamino)-7,9-
dihydro-8H-purin-8-one following Example 27. LCMS Rt (min): 1.4897, m/z 547.4393 [M+H]*.
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2-(2-Isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-6-
(methylamino)-7,9-dihydro-8 H-purin-8-one (I-532)

gt
L

1-532

[00558] 2-(2-Isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-6-(methylamino)-7,9-dihydro-8 H-purin-8-one (I-532) was prepared according to
Example 49. LCMS Rt (min): 1.719, m/z 522.4 [M+H]*.
6-(Dimethylamino)-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-533)

ﬁ
@% My

1-533

[00559] 6-(Dimethylamino)-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-
1 H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-533) was prepared according to
Example 49. LCMS Rt (min): 1.8268, m/z 536.5 [M+H]*.
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6-Acetyl-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-534)

SnBu3 N7

NJ§ N \
LN Ao LN 0 "
o) \ PdCly(PPhg), o \ Ex. 27 o HN%
HN’/< — > o0 HN’/< = N
N

X
cl N Step 1 Step 2 )JW/K(
\“/g( | N N ~ N

N \F N N \f N
Cl Cl
B-133 1-534

Step 1. 6-Acetyl-2-chloro-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one

[00560] In a reaction vial a mixture of Intermediate B-133 (13.30 mg, 30 pmol),
PdCI2(PPh3)2 (4.21 mg, 6.00 pmol), dioxane (200 puL) and tributyl(1-ethoxyvinyl)stannane
(10.97 pl, 31.5 umol) was placed under an atmosphere of nitrogen and heated at 100°C for 20 h.
The reaction mixture was cooled to room temperature and was treated with EtOAc (600 uL),
water (600 uL), and potassium fluoride (80 ul, 39.9 umol). The reaction was stirred at ambient
temperature for 1 h then was filtered and the filter cake was washed with EtOAc. The organic
layer was separated from the filtrate, and was combined with a second extract of EtOAc. The
combined organics were concentrated under a stream of nitrogen and the residue was dissolved
in acetone (150 pL) and treated with p-toluenesulfonic acid monohydrate (30.0 pmol). The
reaction was heated at 80 °C for 2.5 h, then was concentrated to afford crude 6-acetyl-2-chloro-

9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one.

Step 2. 6-Acetyl-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one

[00561] 6-Acetyl-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1 H-imidazol-
2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-534) was obtained from 6-acetyl-2-chloro-9-(4-(1-
methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one following
Example 27. LCMS Rt (min): 1.8742, m/z 535.449 [M+H]*.
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2-(2-Isopropylphenyl)-6-methoxy-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-535)

CF; CF;

& o 0

\
\
N N 0
o \ NaOCHj o \ Ex. 52 uN—< \g
HN—4 HN—4 il o N
CIWN Step 1 Oﬁ/K(N Step 2 i
X e

\ \\ N.__N

N\f N N v N
cl cl
B-133 I-535

Step 1. 2-Chloro-6-methoxy-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one

[00562] In a reaction vial a mixture of Intermediate B-133 (12.2 mg, 0.028 mmol), MeOH
(200 uL) and sodium methoxide (62.9 ul, 0.275 mmol) was heated at 80°C for 3 h. After
cooling to room temperature, the volatiles were removed under a stream of nitrogen and the
residue partitioned between saturated sodium bicarbonate (600 uL) and EtOAc (600 uL). The
organic layer was separated and combined with a second extract of EtOAc (600 uL). The
combined extracts were concentrated under a stream of nitrogen to afford crude 2-chloro-6-
methoxy-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-

one.

Step 2. 2-(2-Isopropylphenyl)-6-methoxy-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one

[00563] 2-(2-Isopropylphenyl)-6-methoxy-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-
imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-one (I-535) was synthesized from 2-chloro-6-
methoxy-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-dihydro-8 H-purin-8-
one following Example 26. LCMS Rt (min): 1.8267, m/z 523.4315 [M+H]*.
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Example 50. 9-(4-(1-Isopropyl-5-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one  (I-536) and 9-(4-(1-isopropyl-4-methyl-1H-imidazol-2-
ylbenzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one (I-537)

"'N’«o - XPh:saPsd G2 HNJ{ Jd )R "'N%oJ@% -
m NJ@ NaOH, CsF &

1-536 1-537

[00564] In a 20 mL sealed tube purged and maintained with an inert atmosphere of
nitrogen, a mixture of Intermediate B-85 (200 mg, 0.99 mmol), Intermediate B-79 (50% purity,
931 mg, 1.98 mmol), XPhos Pd G2 (31 mg, 0.04 mmol), NaOH (120 mg, 3.00 mmol), cesium
fluoride (300 mg, 1.98 mmol), 1,4-dioxane (8 mL) and water (2 mL) was stirred for 30 minutes
at 160 °C. After cooling to room temperature, the resulting mixture was concentrated under
vacuum and was purified by prep-TLC (eluting with 10:1 DCM/MeOH), with further
purification by prep-HPLC. The regioisomers were separated by prep-Chiral HPLC resulting in
4.2 mg (2%) of I-536 as a white solid and 24.2 mg (11%) of I-537 as a white solid.

[00565] 1-536 (Chiral HPLC retention time = 23.6 min): 'H NMR (400 MHz, CDCl3) §
12.24 (br s, 1H), 8.19 (s, 1H), 7.56-7.51 (m, SH), 7.48-7.36 (m, 2H), 7.34-7.23 (m, 1H), 6.96 (s,
1H), 5.14 (s, 2H), 4.65-4.58 (m, 1H), 3.48-3.41 (m, 1H), 2.43 (s, 3H), 1.48 (d, J = 7.20 Hz, 6H),
1.18 (d, J = 6.80 Hz, 6H). LCMS Rt (min): 0.94, m/z 467.2 [M+H]*.

[00566] 1-537 (Chiral HPLC retention time = 11.37 min): '"H NMR (400 MHz, CDCl3) §
8.14-8.12 (m, 1H), 7.70-7.62 (m, 2H), 7.62-7.50 (m, 3H), 7.47-7.35 (m, 2H), 7.26-7.21 (m, 1H),
6.84 (s, 1H), 5.20 (s, 2H), 4.55-4.49 (m, 1H), 3.46-3.39 (m, 1H), 2.31 (s, 3H), 1.42 (d, J = 6.40
Hz, 6H), 1.17 (d, J = 6.80 Hz, 6H). LCMS Rt (min): 0.94, m/z 467.2 [M+H]*.
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Example 51. N-(2-(4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1-methyl-1H-imidazol-4-yl)acetamide (I-538)

N%Noz \N&NHZ \NS/HW/
= .
HNJ(NQL _ Mz, PAOH),IC HNJ<N\/©/L AcCl, TEA HN— Jd
Y Y

- . N

X
|
N. _N EtOH, HCI N._N Step 2 NN
Step 1
1-538

Step 1. 9-(4-(4-Amino-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one

[00567] Into a 25 mL round-bottom flask was placed 2-(2-isopropylphenyl)-9-(4-(1-
methyl-4-nitro- 1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (obtained from
Intermediates B-79 and B-122 following Example 50) (80 mg, 0.17 mmol), EtOH (2 mL),
Pd(OH)>/C (20 percent wt Pd(OH)> on activated carbon, 55 mg) and concentrated hydrochloric
acid (0.05 mL). To the above hydrogen was introduced in. The resulting mixture was stirred for
18 h at 25 °C. The reaction mixture was filtered and concentrated under vacuum to afford 80 mg
(crude) of 9-(4-(4-amino-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8 H-purin-8-one as a yellow solid. MS (ESI) m/z 440.2 [M+H]*.

Step 2. N-(2-(4-((2-(2-Isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1-
methyl-1H-imidazol-4-yl)acetamide

[00568] Into a 25 mL round-bottom flask was placed 9-(4-(4-amino-1-methyl-1H-
imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-one (80 mg, 0.17 mmol),
DCM (2 mL), triethylamine (52 mg, 0.51 mmol) and acetyl chloride (16 mg, 0.20 mmol). The
resulting solution was stirred for 0.5 h at 25 °C. The reaction mixture was diluted with DCM (10
mL) and then washed with water (5 mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by prep-TLC (eluting with 1/20
MeOH/DCM) and the product was further purified by prep-HPLC to afford 3.6 mg (4%) of N-(2-
(4-((2-(2-isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1-methyl-1H-

imidazol-4-yl)acetamide (I-538) as a white solid. '"H NMR (400 MHz, DMSO-de) & 10.35 (s,
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1H), 8.40 (s, 1H), 7.66-7.59 (m, 2H), 7.51-7.48 (m, 1H), 7.45-7.34 (m, 4H), 7.29-7.19 (m, 2H),
5.08 (s, 2H), 3.68 (s, 3H), 3.49-3.37 (m, 1H), 1.97 (s, 3H), 1.08 (d, J = 7.20 Hz, 6H). LCMS R,
(min): 1.0041, m/z 482.43 [M+H]".

Example 52. 9-(4-(1H-Pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8 H-purin-8-
one (I-539)

H
H N,
N, . N
NH | o
HNJ( Jg #L { HNJ(0 Ex. 32 N
: —— Y
\f Pd(dppf)Cl,"CH,Cl,, K,CO4 | A Step 2 N.__N
cl water/1,4-dioxane, 100 °C NYN
B-62 Step 1 cl
1-539
Step 1. 9-(4-(1H-Pyrazol-4-yl)benzyl)-2-chloro-7,9-dihydro-8H-purin-8-one
[00569] To a 100-mL round-bottom flask purged and maintained with an inert atmosphere

of nitrogen, a mixture of Intermediate B-62 (150 mg, 0.44 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (103 mg, 0.53 mmol), Pd(dppf)Cl>CH2Cl> (40 mg, 0.049
mmol), potassium carbonate (190 mg, 1.37 mmol), water (2 mL) and 1,4-dioxane (20 mL) was
stirred for 24 h at 100 °C. After cooled to room temperature, the reaction mixture was
concentrated under vacuum and purified by silica gel chromatography (eluting with 3:1
EtOAC/PE) to give 115 mg (80%) of 9-(4-(1H-pyrazol-4-yl)benzyl)-2-chloro-7,9-dihydro-8H-
purin-8-one. MS (ESI) m/z 327[M+H]*.

Step 2. 9-(4-(1H-Pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one

[00570] 9-(4-(1H-Pyrazol-4-yl)benzyl)-2-(2-1sopropylphenyl)-7,9-dihydro-8 H-purin-8-
one (I-539) was obtained from 9-(4-(1H-pyrazol-4-yl)benzyl)-2-chloro-7,9-dihydro-8 H-purin-8-
one following Example 32. '"H NMR (400MHz, CD30D) ¢ 8.31 (s, 1H), 8.05-7.77 (m, 2H), 7.56-
7.49 (m, 2H), 7.49-7.35 (m, 5H), 7.30-7.20 (m, 1H), 5.13 (s, 2H), 3.31-3.20 (m, 1H), 1.12 (d, J =
6.80 Hz, 6H). LCMS Rt (min): 1.27, m/z 411.2419 [M+H]*.
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2-(2-isopropylphenyl)-9-(4-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)benzyl)-7,9-dihydro-8H-
purin-8-one (I-540)

N
O
NN
o’
NJ:N/EO
H
1-540

[00571] 2-(2-Isopropylphenyl)-9-(4-(1-(piperidin-4-yl)- 1 H-pyrazol-4-yl)benzyl)-7,9-
dihydro-8 H-purin-8-one (I-540) was obtained from tert-butyl 4-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)piperidine-1-carboxylate by sequentially following Example
51 and Example 36. 'H-NMR (300MHz, CD;0OD) § 8.32 (s, 1H), 8.04 (s, 1H), 7.83 (s, 1H),
7.58-7.49 (m, 2H), 7.49-7.35 (m, 5H), 7.31-7.20 (m, 1H), 5.12 (s, 2H), 4.42-4.27 (m, 1H), 3.31-
3.20 (m, 3H) ,2.94-2.75 (m, 2H), 2.24-1.90 (m, 4H), 1.12 (d, J = 7.2 Hz, 6H). LCMS Rt (min):
1.06, m/z 494.3673 [M+H]*.

2-(4-((2-(2-Isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1-
methyl-1H-imidazole-4-carbonitrile (I-541)

Br CN
q Br N/g N/g
B- \ \
0 © /t N N
N\ o N— \ 0 \ 0
N~ Br N—~ Zn(CN), N—~
| P(4-F-Ph)s 7 PA(PPhy), [ O
NN Pd(OAC), K,CO3 NN N__N
Step 1 Step 2
B-86 I-541

Step 1. 9-(4-(4-Bromo-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-
7,9-dihydro-8H-purin-8-one

[00572] Under an atmosphere of nitrogen, a solution of palladium(II) acetate (3.99 mg,
0.018 mmol) and tris(4-fluorophenyl)phosphine (11.23 mg, 0.036 mmol) in THF was added to a
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1.5 mL reaction vial containing a solution of Intermediate B-86 (172 mg, 0.355 mmol), 2,4-
dibromo-1-methyl-1H-imidazole (85 mg, 0.355 mmol), and potassium phosphate (377 mg, 1.775
mmol) in THF. The mixture was heated at 80 °C for 16 h, then at 110 °C for 16 h. The volatiles
were removed under reduced pressure and the residue was partitioned between 1N NaOH (0.5
mL) and EtOAc (0.5 mL). The organic layer was separated and combined with a second extract
of the aqueous layer using EtOAc (0.5 mL). The volatiles were removed under reduced pressure
affording crude 9-(4-(4-bromo-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one which was used directly in the next step.

Step 2. 2-(4-((2-(2-Isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)
phenyl)-1-methyl-1H-imidazole-4-carbonitrile

[00573] 2-(4-((2-(2-isopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yDmethyl)phenyl)-1-methyl-1H-imidazole-4-carbonitrile (I-541) was prepared as a white solid
from  9-(4-(4-bromo-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one following Step 5 of Example 25. LCMS Rt (min): 1.5166, m/z 464.416
[M+H]*

2-(2-Cyclopropylphenyl)-9-(4-(5-(hydroxymethyl)-3-methyl-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one (I-542)

EtO,C OH
h\ %\
NN
-z N N
| 0 Z
N J N>: N | /EO
H
1-542

[00574] Ethyl 1-(4-((2-(2-cyclopropylphenyl)-8-oxo-7,8-dihydro-9 H-purin-9-
yl)methyl)phenyl)-3-methyl-1H-pyrazole-5-carboxylate (prepared from Intermediate B-33
following sequentially Examples 18 and 32) was used in the preparation of 2-(2-
cyclopropylphenyl)-9-(4-(5-(hydroxymethyl)-3-methyl-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-

8H-purin-8-one (I-542) following Example 3. 'H NMR (400 MHz, CDs;0OD) & 8.33 (s, 1H),
7.58-7.49 (m, 5H), 7.35-7.32 (m, 1H), 7.26-7.22 (m, 1H), 7.09 (d, J = 7.60 Hz, 1H), 6.28 (s,
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1H), 5.21 (s, 2H), 4.48 (s, 2H), 2.29-2.23 (m, 4H), 0.67-0.62 (m, 2H), 0.52-0.49 (m, 2H). LCMS
Rt (min): 1.2017, m/z 453.41 [M+H]*.

Methyl  4-(1-(4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl) phenyl)-
1H-pyrazol-3-yl)piperidine-1-carboxylate (I-543)

@ e Eﬁo o
ST O o o

1-431 1-543

[00575] A solution of 2-(2-isopropylphenyl)-9-(4-(3-(piperidin-4-yl)-1H-pyrazol-1-
yDbenzyl)-7,9-dihydro-8 H-purin-8-one (I-431) (50 mg, 0.10 mmol), triethylamine (30 mg, 0.30
mmol), dichloromethane (10 mL) and methyl chloroformate (11.3 mg, 0.12 mmol) was stirred
for 30 min at 0 °C then was concentrated under vacuum. The residue was purified by prep-HPLC
to afford 20 mg (35%) of methyl 4-(1-(4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1H-pyrazol-3-yl)piperidine-1-carboxylate (I-543) as a white solid. '"H NMR
(400 MHz, CDCl3) & 9.75 (br s, 1H), 8.35 (s, 1H), 7.78 (d, J = 2.5 Hz, 1H), 7.59-7.56 (m, 5H),
7.47-7.41 (m, 2H), 7.31-7.26 (m, 1H), 6.24 (d, J = 2.40 Hz, 1H), 5.17 (s, 2H), 4.20 (br s, 2H),
3.71 (s, 3H), 3.52-3.45 (m, 1H), 2.97-2.87 (m, 3H), 2.05-1.96 (m, 2H), 1.75-1.59 (m, 2H), 1.23
(d, J = 6.80 Hz, 6H). LCMS Rt (min): 1.66, m/z 552.3149 [M+H]".

2-(2-(1-Hydroxyethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1 H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one (1-544)

FiC_\ FiC_ oH
& &
| N ;E@ | NN
MeOH |
o=<N o—{N < N
H
-38 I-544

[00576] A mixture of 2-(2-acetylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-38) (50 mg, 0.10 mmol) and methanol (1 mL) was
treated with sodium borohydride (3.9 mg, 0.10 mmol) and the resulting solution was stirred for
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18 h at ambient temperature. The reaction mixture was treated with water (I mL) and was
extracted with DCM (3 x 2 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by prep-HPLC
to afford 13.9 mg (28%) of 2-(2-(1-hydroxyethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one (I-544) as an off-white solid. 'H NMR
(300 MHz, CDs;0D) ¢ 8.38 (s, 1H), 7.75-7.60 (m, 7H), 7.52-7.47 (m, 1H), 7.41-7.38 (m, 1H),
5.27-5.23 (m, 3H), 3.78 (s, 3H), 1.40 (d, J = 6.60 Hz, 3H). LCMS Rt (min): 1.2633, m/z 495.4
[M+H]*.

Example 53: Ubitquin-Rhodamine 110 Assay for USP1 Activity.

[00577] The HTS assay was performed in a final volume of 20 puL in assay buffer
containing 20 mM Tris-HCI (pH 8.0, (1M Tris-HCI, pH 8.0 solution; Corning 46-031-CM)), 2
mM CaCl; (1M Calcium Chloride solution; Sigma #21114) 1 mM GSH (L- Glutathione reduced;
Sigma #G4251), 0.01% Prionex (0.22 uM filtered, Sigma #G-0411), and 0.01% Triton X-
100. Stock compound solutions were stored at -20 °C as 10 mM in DMSO. Up to 1 month prior
to the assay, 2 mM test compounds were pre-dispensed into assay plates (Black, low volume;
Corning #3820) and frozen at -20 °C. Prestamped assay plates were allowed to come to room
temperature on the day of the assay. For the screen, 100 nL of 2 mM was pre-dispensed for a
final screening concentration of 10 uM (DMSO) = 0.5%). The final concentration of the
enzyme (USP1, construct USP1 (1-785, GG670, 671AA)/UAF1 (1-677)-Flag; Viva) in the assay
was 100 pM. Final substrate (Ub-Rh110; Ubiquitin-Rhodamine 110, R&D Systems #U-555)
concentration was 25 nM with [Ub-Rh110]<<Km. 10 pL of 2x enzyme was added to assay
plates (pre-stamped with compound) either simultaneously with 2 x Ub-Rh110 or preincubated
with USP1 40 minutes prior to the addition of 10 uL of 2 x Ub-Rh110 to compound
plates. Plates were incubated stacked for 45 minutes at room temperature before fluorescence
was read on the Envision (Excitation at 485 nm and Emission at 535 nm; Perkin Elmer) or on the

PheraSTAR (Excitation at 485 nm and Emission at 535 nm; BMG Labtech)

[00578] For follow-up ICs¢ studies, each assay was performed in a final volume of 15 uL
in assay buffer containing 20 mM Tris-HCI (pH 8.0, (1M Tris-HCI, pH 8.0 solution; Corning 46-
031-CM)), 1mM GSH (L-Glutathione reduced; Sigma #G4251), 0.03% BGG (0.22 uM
filtered, Sigma, #G7516-25G), and 0.01% Triton X-100 (Sigma, #T9284-10L). Nanoliter
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quantities of either an 8-point or 10-point, 3-fold serial dilution in DMSO was pre-dispensed into
assay plates (Perkin Elmer, ProxiPlate-384 F Plus, #6008269) for a final test concentration range
of either 25 uM to 11 nM or 25 uM to 1.3 nM, respectively. The final concentration of the
enzyme (USP1, construct USP1 (1-785, GG670, 671AA)/UAF1 (1-677)-Flag; Viva) in the assay
was 25 pM. Final substrate (Ub-Rh110; Ubiquitin-Rhodamine 110, R&D Systems #U-555)
concentration was 25 nM with [Ub-Rh110]<<Km. 5 pL of 2x enzyme was added to assay plates
(pre-stamped with compound) preincubated with USP1 for 30 minutes and then 5 pL of 2 x Ub-
Rh110 was added to assay plates. Plates were incubated stacked for 20 minutes at room
temperature before 5 L of stop solution (final concentration of 10mM citric acid in assay buffer
(Sigma, #251275-500G)). Fluorescence was read on the Envision (Excitation at 485 nm and
Emission at 535 nm; Perkin Elmer) or on the PheraSTAR (Excitation at 485 nm and Emission at

535 nm; BMG Labtech).

[00579] For both assay formats data were reported as percent inhibition compared with
control wells based on the following equation: %inh = [1-((FLU - Averow ) / (Avenigh— AveLow))]
x 100 where FLU = measured Fluorescence, AveLow = average Fluorescence of no enzyme
control (n = 16), and Aven;gh= average Fluorescence of DMSO control (n=16). ICso values were
determined by curve fitting of the standard 4 parameter logistic fitting algorithm included in the
Activity Base software package: IDBS XE Designer Model205. Data is fitted using the

Levenburg Marquardt algorithm.

[00580]

assay. ++++ indicates an ICso of less than about 50 nM, +++ indicates an 1Cso between about 50

Table 19. USP1 activity of compounds of the present disclosure in the USP1

nM and about 200 nM, ++ indicates an ICsp between about 200 nM and about 2 uM, and +

indicates an ICso greater than 2 pM.

Table 19.
Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1

no. ICso no. ICso no. ICso no. ICso
I-1 ++++ I-6 +++ I-11 ++++ I-16

I-2 ++++ I-7 ++ I-12 ++ I-17

I-3 ++ I-8 ++++ I-13 ++ I-18 ++
14 I-9 ++ I-14 +++ I-19 ++
I-5 I-10 ++ I-15 + 1-20 ++
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Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1
no. ICso no. ICso no. ICso no. ICso
I-21 +++ I-53 ++++ I-85 +++ I-117 ++++
I-22 ++ I-54 ++ I-86 ++ I-118 ++++
I-23 +++ I-55 ++++ 1-87 +++ I-119 +++
I-24 +++ I-56 ++++ 1-88 ++ 1-120 ++++

I-25 +++ I-57 ++ 1-89 ++ I-121 ++
I-26 ++++ I-58 ++++ 1-90 ++++ I-122 ++
1-27 +++ I-59 +++ 191 ++++ I-123 +++
I-28 + 1-60 ++++ 1-92 ++ 1-124 +++
1-29 ++ I-61 +++ 1-93 +++ I-125 +++
I-30 ++++ 1-62 ++ 1-94 ++++ 1-126 ++++
I-31 ++++ I-63 ++++ I-95 ++++ I-127 +++
I-32 +++ I-64 +++ 1-96 ++++ 1-128 +++
I-33 ++++ I-65 ++++ 1-97 ++ 1-129 ++++
1-34 ++++ 1-66 ++ 1-98 ++++ 1-130 ++++
I-35 ++++ 1-67 ++++ 1-99 ++++ I-131 ++++
I-36 ++ 1-68 +++ 1-100 ++++ 1-132 ++++
1-37 ++++ 1-69 ++++ I-101 ++++ I-133 ++
I-38 ++++ I-70 ++++ 1-102 ++ 1-134 +++
1-39 +++ I-71 ++++ I-103 +++ I-135 +++
1-40 ++++ I-72 ++ 1-104 ++ I-136 +++
I-41 +++ I-73 ++++ I-105 ++++ 1-137 ++++
1-42 ++++ 1-74 ++ I-106 ++++ I-138 ++++
1-43 +++ I-75 +++ 1-107 ++ I-139 +++
1-44 ++++ I-76 ++++ 1-108 ++++ 1-140 +++
1-45 ++++ I-77 ++++ 1-109 +++ I-141 ++
I-46 ++ I-78 ++++ I-110 ++++ 1-142 ++
1-47 ++ I-79 ++++ I-111 +++ 1-143 ++
1-48 ++++ 1-80 ++++ I-112 + 1-144 +
1-49 ++++ I-81 ++++ I-113 ++++ I-145 ++++
I-50 ++++ 1-82 ++++ I-114 ++++ 1-146 +++
I-51 ++++ 1-83 ++++ I-115 ++++ 1-147 +++
I-52 ++++ 1-84 ++++ I-116 ++++ 1-148 ++
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Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1
no. ICso no. ICso no. ICso no. ICso
1-149 +++ I-181 ++ I-213 ++ 1-245 +
I-150 ++++ 1-182 + 1-214 ++++ I-246 +
I-151 ++ 1-183 + I-215 ++++ 1-247 +++
I-152 ++++ 1-184 ++++ I-216 +++ 1-248 ++
I-153 + I-185 ++++ 1-217 ++ 1-249 ++
I-154 + I-186 +++ I-218 ++ 1-250 +++
I-155 +++ 1-187 ++++ 1-219 ++++ I-251 ++
I-156 + 1-188 ++++ 1-220 +++ 1-252 +++
1-157 +++ 1-189 ++++ 1-221 ++ 1-253 ++
I-158 ++++ 1-190 ++++ 1-222 ++ 1-254 +
I-159 ++ I-191 ++++ 1-223 +++ I-255 +++
I-160 ++++ 1-192 ++++ 1-224 +++ I-256 ++++
I-161 ++ 1-193 ++++ I-225 +++ 1-257 ++++
I-162 +++ 1-194 ++++ 1-226 ++++ 1-258 ++++
I-163 ++++ I-195 ++++ 1-227 ++++ 1-259 ++++
I-164 ++ I-196 ++++ 1-228 +++ 1-260 +++
I-165 +++ 1-197 +++ 1-229 +++ I-261 +++
I-166 +++ 1-198 ++++ 1-230 ++ 1-262 +++
I-167 ++ 1-199 ++++ 1-231 ++++ 1-263 ++
I-168 +++ 1-200 ++++ 1-232 ++ 1-264 +++
1-169 ++++ 1-201 ++++ 1-233 +++ 1-265 ++
I-170 ++++ 1-202 ++++ 1-234 + 1-266 +++
I-171 +++ 1-203 ++++ I-235 ++ 1-267 ++
I-172 ++++ 1-204 ++++ 1-236 ++++ 1-268 +++
I-173 ++++ 1-205 +++ 1-237 +++ 1-269 ++++
1-174 ++++ 1-206 ++++ 1-238 ++ 1-270 ++
I-175 ++++ 1-207 ++++ 1-239 + I-271 ++++
I-176 ++++ 1-208 ++++ 1-240 ++ 1-272 +++
1-177 ++++ 1-209 ++++ I-241 ++ 1-273 ++++
I-178 ++++ 1-210 ++++ 1-242 + 1-274 +++
I-179 +++ I-211 ++++ 1-243 ++ 1-275 ++++
1-180 +++ I-212 ++++ 1-244 + 1-276 ++++
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Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1
no. ICso no. ICso no. ICso no. ICso
1-277 ++++ 1-309 ++++ I-341 ++ 1-373 ++++
1-278 +++ 1-310 ++++ 1-342 ++ 1-374 ++++
1-279 ++++ I-311 ++++ 1-343 +++ I-375 ++++

1-280 ++++ I-312 ++++ 1-344 ++ 1-376 ++
1-281 ++++ I-313 ++++ 1-345 ++ 1-377 +
1-282 +++ 1-314 ++++ I-346 1-378 ++
1-283 ++++ I-315 ++++ 1-347 1-379 ++++
1-284 ++ I-316 +++ 1-348 1-380 +++
1-285 ++ 1-317 +++ 1-349 ++ 1-381 ++
1-286 ++++ 1-318 ++ 1-350 + 1-382 ++
1-287 ++++ 1-319 ++ I-351 +++ 1-383 ++
1-288 ++ 1-320 +++ 1-352 ++ 1-384 ++
1-289 ++++ I-321 ++ I-353 +++ 1-385 +++
1-290 ++++ 1-322 +++ 1-354 +++ 1-386 +++
1-291 ++++ 1-323 ++++ I-355 ++++ 1-387 +++
1-292 +++ 1-324 ++++ I-356 ++++ 1-388 ++
1-293 ++++ 1-325 ++++ 1-357 +++ 1-389 ++++
1-294 ++++ 1-326 ++++ 1-358 +++ 1-390 ++++
1-295 ++++ 1-327 +++ 1-359 +++ 1-391 ++++
1-296 ++++ 1-328 ++ 1-360 ++ 1-392 ++++
1-297 ++ 1-329 ++++ I-361 ++ 1-393 ++
1-298 + 1-330 +++ 1-362 ++++ 1-394 ++
1-299 +++ I-331 ++++ 1-363 +++ 1-395 ++++
1-300 ++++ 1-332 ++++ 1-364 ++++ 1-396 ++
I-301 ++++ 1-333 +++ I-365 +++ 1-397 ++++
1-302 ++++ 1-334 ++++ 1-366 +++ 1-398 ++++
1-303 ++++ I-335 +++ 1-367 +++ 1-399 ++++
1-304 ++++ I-336 ++++ 1-368 +++ 1-400 +++
1-305 ++++ 1-337 ++++ 1-369 ++++ 1-401 +++
1-306 ++++ 1-338 + 1-370 +++ 1-402 ++
1-307 ++++ 1-339 + 1-371 +++ 1-403 ++
1-308 ++++ 1-340 ++ 1-372 +++ 1-404 ++
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Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1
no. ICso no. ICso no. ICso no. ICso
1-405 ++ 1-437 ++++ 1-469 ++ I-501 +++
1-406 +++ 1-438 ++++ 1-470 + 1-502 +
1-407 +++ 1-439 +++ 1471 + 1-503 ++++
1-408 + 1-440 ++ 1-472 ++++ 1-504 +++
1-409 + 1-441 +++ 1-473 ++++ I-505 ++
1-410 + 1-442 + 1-474 ++++ I-506 ++++
I-411 ++++ 1-443 ++ 1-475 + 1-507 ++++
1-412 ++++ 1-444 ++++ 1-476 ++++ 1-508 +
1-413 ++++ 1-445 ++++ 1-477 ++++ 1-509 +
1-414 ++++ I-446 ++++ 1-478 + 1-510 +++
1415 ++++ 1-447 ++++ 1-479 + I-511 ++
I-416 ++++ 1-448 ++++ 1-480 ++++ I-512 +++
1-417 ++++ 1-449 + 1-481 +++ I-513 +
1-418 ++++ 1-450 +++ 1-482 ++ 1-514 ++++
1-419 ++++ I-451 ++ 1-483 ++ I-515 +++
1-420 ++++ 1-452 ++ 1-484 ++ I-516 +
1-421 ++++ 1-453 + 1-485 + I-517 +
1-422 ++++ 1-454 ++ 1-486 ++ I-518 +++
1-423 +++ 1-455 + 1-487 + I-519 ++
1-424 ++++ 1-456 +++ 1-488 +++ 1-520 ++
1-425 ++++ 1-457 +++ 1-489 +++ I-521 ++
1-426 ++++ 1-458 ++ 1-490 ++ 1-522 ++
1-427 ++++ 1-459 ++ 1-491 ++ 1-523 +++
1-428 +++ 1-460 ++ 1-492 + 1-524 ++++
1-429 ++ I-461 +++ 1-493 + I-525 ++++
1-430 ++++ 1-462 + 1-494 +++ 1-526 ++++
1-431 +++ 1-463 ++++ 1-495 ++ 1-527 ++
1-432 ++ 1-464 +++ 1-496 ++++ 1-528 ++
1-433 ++ 1-465 ++ 1-497 ++++ 1-529 +++
1-434 +++ 1-466 ++ 1-498 ++++ 1-530 ++
1-435 + 1-467 +++ 1-499 ++++ I-531 ++++
1-436 ++++ 1-468 ++++ 1-500 ++++ 1-532 ++++
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Cmpd | USP1 Cmpd | USP1 Cmpd | USP1 Cmpd | USP1

no. ICso no. ICso no. ICso no. ICso

I-533 ++++ I-536 ++++ 1-539 ++ 1-542 ++++

1-534 +++ 1-537 ++++ 1-540 ++ 1-543 ++++

1-535 ++++ 1-538 +++ 1-541 ++++ 1-544 +++
Equivalents

[00581] Those skilled in the art will recognize, or be able to ascertain, using no more than

routine experimentation, numerous equivalents to the specific embodiments described

specifically herein.

following claims.

[00582]

Such equivalents are intended to be encompassed in the scope of the

The reference in this specification to any prior publication (or information derived

from it), or to any matter which is known, is not, and should not be taken as an acknowledgment

or admission or any form of suggestion that that prior publication (or information derived from

it) or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.
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Claims:

1. A compound of Formula (Ia), (Ic), (Im), (Io), (Ip), (Iq). (Ir) or (Tu):

R+

R4
I:\\>1 \N NN R
o:<NfN i\ O__<N | “ i
N
~
N N |\ / N R | 7
Rio 3 4 4 (Im), R1o (o),
8 :
N XN N
R SN R
O:< | 6 O:< | 6
N N/ S N N/
/Q/Q'RS . R .
R X { R X
R1o Rs 4 4 (Ip), ° Rs (9),
. ;
N XN N AN
R R
o~} =TI B
N N/ AN N N/ X
TN Ry P ] Ny—==Rq P
R1o A\ Rs R X4 10 2\ Rs R X
Ri1o (Ir),or Rio (Tu).

or a pharmaceutically acceptable salt, hydrate, solvate, isotope, stereoisomer, and tautomer
thereof,

wherein:
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X418 CRg or N;

R is H, -CD3, (C;-Ce) alkyl, (C2-Ce) alkenyl, (C2-Ce) alkynyl, (Ci-Ce) haloalkyl,

(C2-Co) hydroxyalkyl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, and heterocycloalkyl are optionally substituted with one or more
substituents selected from halogen, -OR2¢, -C(O)R20, -CO2R20, -NR8R 19, -NR20C(O)R21, -
C(O)NR20R21, -NR20C(O)NR21R22, -NR20S(O):R21, -S(O):NR20R21, -NR20S(O):NR21R22, -
S(0):R20, -P(O)R20R21, 0x0, and —Si((C1-C4) alkyl)s;

R3is H, D, (C1-Cy) alkyl, (C1-Ce) haloalkyl, (C1-Cs) hydroxyalkyl, (C1-Cs) aminoalkyl,
heterocycloalkyl, halogen -C(O)OH, -C(O)NHa, or CN;

R3 is H, (C1-Cs) alkyl, (C1-Cs) haloalkyl, (Ci-Cs) hydroxyalkyl, (C1-Cs) aminoalkyl,
heterocycloalkyl, -C(O)OH, -C(O)NHz, or CN; or

R3 and Rz together with the carbon atom to which they are attached may form a
(C3-C7) cycloalkyl ring; or R3 and Rz together with the carbon atom to which they are
attached may form a heterocycloalkyl ring;

R4 is (C1-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl, (Ci-Cs) alkoxy, (Ci-Ce) haloalkyl, (Ci-Ce)
haloalkoxy, (C3-Cs) cycloalkyl, -O-(Co-C2)-alkylene-(C3-Cs) cycloalkyl, heterocycloalkyl, -
0-(Co-Cy)-alkylene-heterocycloalkyl, halogen, -OH, -NH>, -CN, -C(O)(Ci-

Cy)alkyl, -C(O)O(Ci-Cy) alkyl, -NR20C(0O)O(Ci-Cy) alkyl, -Si(CH3)3, -SFs, -S(0)p(Ci-
Cy)alkyl, -S(O)p(NH)(C1-Cy) alkyl,-NH(C-C4) alkyl, -N((C;1-Cy) alkyl)z, -NH-(Co-Ca)-
alkylene-(C3-Cs) cycloalkyl, or -NH-(Co-Cz)-alkylene-heterocycloalkyl, wherein the alkyl,
alkenyl, alkynyl, and alkoxy are optionally substituted with one or more substituents selected
from (C;-Ce) alkyl, (C1-Ce) alkoxy, (C3-Cs) cycloalkyl, halogen, -OH, -S(O)(C:-Cs) alkyl, -
S(O)((NH)(C-Cs) alkyl, -SFs, -Si(CH3)3, -NHz, -NH(C;-Ca4) alkyl, -N((C1-Ca)

alkyl)z, -C(O)NHa, -C(O)NH(C;-C4) alkyl, and —C(O)N((C;-Cs) alkyl)2; and the cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one or more substituents
selected from (C;-Ce) alkyl, (Ci-Ce) haloalkyl, and halogen; or

R4 and X4 together with the atoms to which they are attached may form a (Cs-C14) aryl ring
optionally substituted with one or more R;7; or R4 and X4 on adjacent atoms together with the
atoms to which they are attached may form a heteroaryl ring optionally substituted with one
or more Ry7; or R4 and X4 together with the atoms to which they are attached may form a

(Cs-C7) cycloalkyl ring optionally substituted with one or more Ri7; or R4 and X4 on adjacent
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atoms together with the atoms to which they are attached may form a heterocycloalkyl ring
optionally substituted with one or more Ri7;

each Re¢ and Ry is independently H, D, (C;-Ce) alkyl, (C2-Cs) alkenyl, (C2-Ce) alkynyl, (C-Ce)
alkoxy, (C1-Ce) haloalkyl, (C1-Cs) haloalkoxy, (Ci-Ce) hydroxyalkyl, (C3-Cs) cycloalkyl ring,
heterocycloalkyl, or halogen, wherein the alkyl is optionally substituted with one or more
(C1-Ce) alkoxy;

each R is independently at each occurrence D, -CD3, (Ci-Ce) alkyl, (C2-Cs) alkenyl, (C2-Ce)
alkynyl, (Ci-Cs) alkoxy, (Ci-Cs) haloalkyl, (Ci-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl,
halogen, -C(O)R14, -C(O)OR13, -NR3R14, -NR13C(O)R14, -
NR3C(O)NR 3R 14, -C(O)NR13R 14, -S(O)pR 14, -NR13S(O)pR14, -S(O)pNR13R 14, -CN, —(Co-
(C2)-alkylene-(Cs-C14) aryl, —(Co-C2)-alkylene-heteroaryl, —(Co-C2)-alkylene-(C3-Cs)
cycloalkyl, —(Co-C»)-alkylene-heterocycloalkyl, —O-(Co-C»)-alkylene-aryl, —O-(Co-Ca2)-
alkylene-heteroaryl, —O-(Co-C»)-alkylene-(C3-Cs) cycloalkyl, or —O-(Co-C»)-alkylene-
heterocycloalkyl, wherein the aryl, heteroaryl, cycloalkyl and heterocycloalkyl are optionally
substituted with one or more Ri; and the alkyl, alkenyl, alkynyl, and alkoxy are optionally
substituted with one or more Riz; or

two Rioon adjacent atoms together with the atoms to which they are attached may form a (Cs-
Ci4) aryl ring optionally substituted with one or more Ri1; or two Rjo on adjacent atoms
together with the atoms to which they are attached may form a heteroaryl ring optionally
substituted with one or more Ri1; or two Rjpon adjacent atoms together with the atoms to
which they are attached may form a (C3-Cs) cycloalkyl ring optionally substituted with one
or more Ri1; or two Ripon adjacent atoms together with the atoms to which they are attached
may form a heterocycloalkyl ring optionally substituted with one or more Rii; or two Rioon
the same atom to which they are attached may form a spirocycloalkyl ring optionally
substituted with one or more Ri1; or two Ripon the same atom to which they are attached
may form a spiroheterocycloalkyl ring optionally substituted with one or more Riy;

each Ry is independently at each occurrence D, -CDs3, (C1-Ce) alkyl, (C1-Ce) alkoxy, (Ci-Cs)
haloalkyl, (C1-Ce) haloalkoxy, halogen, -CN, -OH, -NH>, -NH(C;-C4) alkyl, -N((Ci-Cs)
alkyl)z, -C(O)O(C;-Cy) alkyl, -S(O)q(C1-Cas) alkyl, -C(O)NH2,-C(O)NH(C,-Cs)
alkyl, -C(O)N((C1-Cy) alkyl)2, -NHC(O)(C1-Cy) alkyl, -N((C1-C4) alkyl Y)C(O)(C1-Cy) alkyl,
(C6-Cia) aryl, heteroaryl, (C3-Cs) cycloalkyl, or heterocycloalkyl, wherein the alkyl, alkoxy,
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(C5-Cs) cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are optionally substituted with one
or more substituents selected from (C;-Ce) alkyl, (C-Cs) alkoxy, (Ci-Ce)

haloalkyl, -C(O)OH, -C(O)O(C;-Cy4) alkyl, -C(O)(C1-Cy) alkyl, -S(O)4(C1-Ca)

alkyl, -C(O)NH(C,-Cy) alkyl, -C(O)N((Ci-Cy) alkyl)2, -OH, -NHz, -CN, -NH(C,;-Ca) alkyl,
and -N((C;-Cy) alkyl),; or

two Ri1 on adjacent atoms together with the atoms to which they are attached may form a

heterocycloalkyl ring; or two R11 on adjacent atoms together with the atoms to which they
are attached may form a (Cs-Cs) cycloalkyl ring; or two R11 on adjacent atoms together with
the atoms to which they are attached may form a (Ce-Ci4) aryl ring; or two R11 on adjacent

atoms together with the atoms to which they are attached may form a heteroaryl ring; or

two R together with the atom to which they are attached may form a C=0;
each Ri2 is independently at each occurrence (C1-Cs) alkoxy, -NR5R16, -NR15C(O)NR15R 6, -

NR5C(O)R 6, -NR58(0)mR 16, or -C(O)NH(C3-Cs) cycloalkyl;

each Ri3 is independently at each occurrence H or (C1-Cs) alkyl;

each Ris is independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl,

(C1-Co) haloalkyl, —(Co-C2)-alkylene-(C3-Cs) cycloalkyl, —(Co-C2)-alkylene-heterocycloalkyl,
—(Co-Cy)-alkylene-(Cs-Ci4) aryl, or —(Co-C»)-alkylene-heteroaryl, wherein the alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is optionally substituted with one or more
substituents selected from (Ci-C4) alkyl optionally substituted with (C;-Cs) alkoxy, (C1-Cs4)
alkoxy, (Ci-C4) haloalkyl, (Ci-C4) haloalkoxy, (Cs-C14) aryl, heteroaryl, halogen, —

OH, -NH3, -CN, -C(O)NHz, -C(O)NH(C;-Cs) alkyl, -C(O)N((Ci-C4) alkyl)2, -NH(Ci-Ca)
alkyl, and -N((C;-Cs) alkyl)z; or

Ri3 and R4 together with the nitrogen atom to which they are attached may form a

heterocycloalkyl ring optionally substituted with one or more R23;

each Rjs is independently at each occurrence H or (C;-Csy) alkyl;

each Rie 1s independently at each occurrence H, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-C¢) alkynyl,

(C2-Cp) haloalkyl, (C5-Csg) cycloalkyl, or —(Co-C2)-alkylene-heteroaryl, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, and heteroaryl are optionally substituted with one or more
substituents independently selected from (C;-Cy) alkyl, (C1-C4) alkoxy, (Ci-Cs) haloalkyl,
(C1-C4) haloalkoxy, and halogen;
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each R7 is independently at each occurrence (Ci-Ce) alkyl, (C2-Ce) alkenyl, (C2-Cs) alkynyl,
(C1-Cp) alkoxy, (C1-Ce) haloalkyl, (C-Ce) haloalkoxy, (Ci-Ce) hydroxyalkyl, halogen, —
OH, -NH>, or -CN;

each Rig and Ry9 is independently at each occurrence H or (Ci-C4) alkyl; or

Ris and Ry9 together with the nitrogen atom to which they are attached may form a
heterocycloalkyl ring;

each R2o, R21 and R2; is independently at each occurrence H, (C1-C4) alkyl, or (Cs-Ci4) aryl;

each Ra3is independently selected from (Ci-Cs) alkyl, (Ci-C4) alkoxy, (Ci-Cs) haloalkoxy,
halogen, -C(O)(C1-Cs) alkyl, -C(O)O(C1-C4) alkyl, -C(O)(C3-Cs) cycloalkyl, -
C(O)heterocycloalkyl, -OH, -NH>, and -CN, wherein the alkyl and alkoxy are optionally
substituted with one or more substituents selected from (Ci-Cs) alkoxy and -OH; or

two Ro3 on the same atom to which they are attached may form a spiroheterocycloalkyl ring; and

each m, p, g, and r is independently O, 1, or 2.

2. The compound of claim 1, wherein (i) R3is H or (Ci-Ce) alkyl and R3'is H; or (i1) R3 and

R3 together with the carbon atom to which they are attached form a (C3-C57) cycloalkyl ring.

3. The compound of claim 1, wherein R; is H or (C;-Cs) alkyl.

4, The compound of claim 1, wherein R4is (C1-Cs) alkyl, halogen,

(C1-Cs) haloalkoxy, or (C1-Ce) alkoxy optionally substituted with (Ci-Cs) alkoxy.

5. The compound of claim 1, wherein (i) X4 is N; or (ii) X4 is CRoand Rois H or halogen.

6. The compound of claim 1, wherein R¢ is H or halogen.

7. The compound of claim 1, wherein R is heteroaryl.
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A compound selected from:
9-(4-(3,5-dimethyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-
one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(2-(difluoromethoxy)pyridin-3-yl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(2-isobutoxypyridin-3-yl)-7,9-dihydro-8 H-purin-8-
one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-
one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(5-fluoro-2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(4-fluoro-2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-fluoro-6-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
(S)-9-(1-(4-(1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-

purin-8-one;
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(R)-9-(1-(4-(1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-

purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(4-fluoro-2-isopropoxyphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(3-fluoro-2-methoxyphenyl)-7,9-dihydro-8H-purin-
8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(4-isopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-ethoxypyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(2-methoxyethoxy)phenyl)-7,9-dihydro-8H-purin-8-
one;

9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-propoxyphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-trifluoroethoxy)phenyl)-7,9-dihydro-8H-purin-
8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(cyclopropylmethoxy)phenyl)-7,9-dihydro-8H-purin-
8-one;

9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2,2-difluorobenzo[d][ 1,3]dioxol-4-yl)-7,9-dihydro-8H-
purin-8-one;

9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-ethylphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(4-isopropylpyrimidin-5-yl)-7,9-dihydro-8H-purin-8-
one;

9-(4-(1H-pyrazol-1-yl)benzyl)-2-(1-methyl-1H-indol-7-yl)-7,9-dihydro-8H-purin-8-one;
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2-(2-cyclopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(difluoromethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)- 1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-cyclopropylpyridin-3-yl)-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)- 1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(1-methylindolin-7-yl)-
7,9-dihydro-8H-purin-8-one;
2-(2-(difluoromethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2,2-difluorobenzo[d][1,3]dioxol-4-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
(trifluoromethoxy)phenyl)-7,9-dihydro-8H-purin-8-one;
2-(2-acetylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;

9-(4-(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
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2-(2-isopropylpyridin-3-yl)-9-(4-(1-(2-methoxyethyl)-4-(trifluoromethyl)-  H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(1-methyl-1H-indazol-7-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(1-methyl-1H-indol-7-y1)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(1-methyl-1H-pyrazol-3-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1,4-dimethyl-1H-pyrazol-3-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-
purin-8-one;
2-(2-(difluoromethoxy)pyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-2-(2-
(trifluoromethoxy)phenyl)-7,9-dihydro-8H-purin-8-one;
7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(1-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)phenyl)cyclopropyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(3-chloro-5-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(5-chloro-3-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(2-methyl-1H-pyrrol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;

(R)-2-(2-(1-methoxyethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDbenzyl)-7,9-dihydro-8H-purin-8-one;
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(S)-2-(2-(1-methoxyethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-fluoropyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(3-(difluoromethyl)-5-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(3-fluoro-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(5-methoxy-3-(trifluoromethyl)-1H-pyrazol-1-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-ethylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;

7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-2-(2-
methylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(difluoromethyl)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(6-fluoro-2-methylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(5-fluoro-2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(3-(azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-
7,9-dihydro-8H-purin-8-one;
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2-(5-fluoro-2-isopropylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-cyclopropylphenyl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-cyclopropylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(difluoromethyl)pyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(6-methoxy-2-methylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-fluoro-6-isopropoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-fluoro-6-methoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-
3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(5-morpholino-3-(trifluoromethyl)- 1H-pyrazol-1-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(3-methoxy-5-methyl-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
(R)-2-(2-isopropylpyridin-3-yl)-9-(1-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yDphenyl)ethyl)-7,9-dihydro-8H-purin-8-one;
(S)-2-(2-isopropylpyridin-3-yl)-9-(1-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDphenyl)ethyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylpyridin-3-yl)-9-(4-(1-(methyl-ds3)-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
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9-(3,5-difluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(3-fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(2-fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(2,6-difluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
(methylsulfinyl)phenyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(4-(difluoromethyl)- 1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-
7,9-dihydro-8H-purin-8-one;

2-(2-(difluoromethoxy)pyridin-3-yl)-9-(4-(3-fluoro- 1H-pyrazol-1-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-(difluoromethoxy)phenyl)-9-(4-(3-fluoro-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-(dimethylamino)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropyl-3-methylphenyl)-7,9-dihydro-8H-purin-8-
one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropyl-3-methoxyphenyl)-7,9-dihydro-8H-purin-
8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-chloro-2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-cyclopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(5-chloro-2-cyclopropylphenyl)-7,9-dihydro-8H-purin-

8-one;
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9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-fluoro-6-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-cyclopropyl-5-(trifluoromethyl)phenyl)-7,9-dihydro-
8H-purin-8-one;

2-(2-cyclopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;

ethyl 1-(4-((2-(2-cyclopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-3-
methyl-1H-pyrazole-5-carboxylate;
7-cyclopropyl-2-(2-cyclopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
7-cyclopropyl-2-(2-cyclopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(5,6-dihydropyrrolo[3,4-c]pyrazol-1(4H)-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(5,6-dihydropyrrolo[3,4-c]pyrazol-1(4H)-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(5,6-dihydropyrrolo[3,4-c]pyrazol-2(4H)-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-(2-hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-7-(2-(dimethylamino)ethyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-1sopropylpyridin-3-yl)-7-methyl-9-(1-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-
2-yl)phenyl)cyclopropyl)-7,9-dihydro-8H-purin-8-one;
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9-(4-(3-(azetidin-1-yl)-5-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7-
methyl-7,9-dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(((1s,4s)-4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexyl)methyl)-2-(2-isopropylphenyl)-
7-methyl-7,9-dihydro-8H-purin-8-one;
9-(((1r,4r)-4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexyl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-7-methyl-9-(4-(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-cyclopropyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-
3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one;
(R)-2-(2-isopropylpyridin-3-yl)-7-methyl-9-(1-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)phenyl)ethyl)-7,9-dihydro-8H-purin-8-one;
(S)-2-(2-isopropylpyridin-3-yl)-7-methyl-9-(1-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)phenyl)ethyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-7-methyl-9-(4-(5-morpholino-3-(trifluoromethyl)-1H-
pyrazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(3-methoxy-5-methyl-1H-pyrazol-1-yl)benzyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7-(oxetan-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-7-(2-methoxyethyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

7-(1,1-dioxidothietan-3-yl)-2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
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2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7-(tetrahydro-2H-pyran-4-yl)-7,9-dihydro-8H-purin-8-one;
7-(2-hydroxyethyl)-2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-7-methyl-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(3,5-difluoro-4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-2-(2-
isopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one;
9-(3-fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one;
9-(2-fluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one;
9-(2,6-difluoro-4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylpyridin-3-yl)-7-methyl-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-7-(methyl-d3)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-7-(methyl-d3)-9-(4-(1-(methyl-d3)-4-(trifluoromethyl)- 1 H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-7-methyl-9-(4-(1-(methyl-d3)-4-(trifluoromethyl)- 1 H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(2-hydroxypropan-2-yl)phenyl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-2-(2-
morpholinopyridin-3-yl)-'7,9-dihydro-8H-purin-8-one;

2-(2-(3-fluoroazetidin-1-yl)pyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
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2-(2-(3,3-difluoroazetidin-1-yl)pyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-2-(2-(3-
(trifluoromethyl)azetidin-1-yl)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-cyclopropoxypyridin-3-yl)-7-methyl-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
(S)-9-(1-(4-(2H-1,2,3-triazol-2-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
(R)-9-(1-(4-(2H-1,2,3-triazol-2-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-9-((1-(pyridin-3-yl)piperidin-4-yl)methyl)-7,9-dihydro-8H-purin-
8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-((6-(1H-pyrazol-1-yl)pyridin-3-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
(S)-9-(1-(4-(1H-1,2,3-triazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
(R)-9-(1-(4-(1H-1,2,3-triazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(3-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(5-methyl-1,3,4-oxadiazol-2-yl)benzyl)-7,9-dihydro-8H-

purin-8-one;
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4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzonitrile;
2-(2-isopropylphenyl)-9-(4-(5-methyl-1,2,4-oxadiazol-3-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-9-(4-(morpholinomethyl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-1,2,4-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
(R)-2-(2-1sopropylphenyl)-9-(1-phenylethyl)-7,9-dihydro-8H-purin-8-one;
(S)-2-(2-isopropylphenyl)-9-(1-phenylethyl)-7,9-dihydro-8H-purin-8-one;
(S)-9-(1-(4-(1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
8-one;
(R)-9-(1-(4-(1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
8-one;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-
one;
2-(2-isopropylphenyl)-9-(2-(1-(pyridin-3-yl)piperidin-4-yl)ethyl)-7,9-dihydro-8H-purin-
8-one;
9-(2-chloro-4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
9-((1S,2R)-2-(4-(1H-pyrazol-1-yl)phenyl)cyclobutyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one;
9-(4-(1H-1,2,3-triazol-1-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(2H-1,2,3-triazol-2-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(2-fluoro-4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;

2-(2-1sopropylphenyl)-9-(4-(5-methyl-2H-tetrazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-

one;
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2-(2-isopropylphenyl)-9-(4-(oxazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-7,9-dihydro-8H-purin-8-

one;
9-benzyl-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

2-(3-fluoro-2-isopropylphenyl)-9-(4-(1-methyl-1H-imidazol-2-yl)benzyl)-7,9-dihydro-

8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(3-(4-methylpiperazin-1-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(3-morpholino-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-

purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(4-methyl-1H-1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-

purin-8-one;

9-(4-(5-fluoro-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-

8H-purin-8-one;

9-(3-fluoro-4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-

one;
(R)-9-(1-(4-fluorophenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
(S)-9-(1-(4-fluorophenyl)ethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

(S)-9-(1-(4-fluorophenyl)-2-hydroxyethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-

8-one;
(S)-9-(2-hydroxy-1-phenylethyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-((1-methyl-1H-benzo[d]imidazol-5-yl)methyl)-7,9-dihydro-8H-

purin-8-one;
2-(2-isopropylphenyl)-9-(4-(methylsulfonyl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(5-methyl-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-purin-8-

one;
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2-(2-isopropylphenyl)-9-(4-(5-methyl-1H-1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-9-((2-methyl-1-oxoisoindolin-5-yl)methyl)-7,9-dihydro-8H-purin-
8-one;
6-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-2-methyl-3,4-
dihydroisoquinolin-1(2H)-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(5-methyl-1,2,4-oxadiazol-3-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(5-methyl-1,3,4-oxadiazol-2-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
(R)-9-(1-(4-(3,5-dimethyl-1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
(S)-9-(1-(4-(3,5-dimethyl-1H-pyrazol-1-yl)phenyl)ethyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
1-(4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)- 1H-
pyrazole-3-carbonitrile;
9-(3-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(4-chloro-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-

8H-purin-8-one;
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1-(4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)- 1H-
pyrazole-3,5-dicarbonitrile;
9-(4-(2,5-dimethyloxazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(1-(oxetan-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(4-methyl-1-(oxetan-3-yl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-((6-(1,4-dimethyl-1H-imidazol-2-yl)pyridin-3-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(3-methoxy- 1 H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-purin-
8-one;
2-(2-isopropylphenyl)-9-(4-(2-methyl-5-0x0-2,5-dihydro-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(5-methoxy-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-purin-
8-one;
1-(4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-5-methyl-
1H-pyrazole-3-carbonitrile;

1-(4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-3-methyl-

1H-pyrazole-5-carbonitrile;

2-(2-isopropylphenyl)-9-(4-(1-methyl-3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;

9-(4-(3-chloro-5-methyl- 1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;

9-(4-(5-chloro-3-methyl-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;
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9-(((1s,4s)-4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexyl)methyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-(((1r,4r)-4-(3,5-dimethyl-1H-pyrazol-1-yl)cyclohexyl)methyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
(R)-2-(2-1sopropylphenyl)-9-(1-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yDphenyl)ethyl)-7,9-dihydro-8H-purin-8-one;
(S)-2-(2-isopropylphenyl)-9-(1-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yDphenyl)ethyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(3,3-dimethyloxetan-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;

N-(3-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)acetamide;
N-(4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)acetamide;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-5-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

tert-butyl 4-fluoro-4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)piperidine-1-carboxylate;
2-(2-isopropylphenyl)-9-(4-(4-(piperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-9-(4-(3-(pyrrolidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(3-(piperidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;

(R)-2-(2-1sopropylphenyl)-9-(4-(3-(piperidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-

8H-purin-8-one;
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(S)-2-(2-isopropylphenyl)-9-(4-(3-(piperidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-

8H-purin-8-one;

9-(1-(4-(1H-pyrazol-1-yl)phenyl)cyclopropyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;
9-(1-(4-fluorophenyl)cyclopropyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(cyclopropylmethoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-

purin-8-one;

2-(2-1sopropylphenyl)-7-methyl-9-(4-((tetrahydrofuran-3-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-((1-methylpiperidin-3-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-(pyridin-2-ylmethoxy)benzyl)-7,9-dihydro-8H-

purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-((1-methyl-1H-imidazol-5-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(2-(dimethylamino)ethoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-

purin-8-one;

9-(4-(3-(dimethylamino)propoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-

8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-((5-methylisoxazol-3-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(2-ethoxyethoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-

one;
9-(4-cyclobutoxybenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-((tetrahydro-2H-pyran-4-yl)oxy)benzyl)-7,9-
dihydro-8H-purin-8-one;
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9-(3-(cyclopropylmethoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(3-((tetrahydrofuran-3-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(3-((1-methylpiperidin-3-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(3-(pyridin-2-ylmethoxy)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(3-((1-methyl-1H-imidazol-5-yl)methoxy)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(3-(2-(dimethylamino)ethoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(3-(3-(dimethylamino)propoxy)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
8H-purin-8-one;
9-(3-cyclobutoxybenzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(pyrazin-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-((3'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-((4'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(6-morpholinopyrimidin-4-yl)benzyl)-7,9-dihydro-8H-purin-
8-one;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-imidazol-5-yl)benzyl)-7,9-dihydro-8H-purin-8-
one;

9-(4-(1,5-dimethyl-1H-pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;
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9-(4-(3,5-dimethylisoxazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
2-(4-(4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1-
methyl-1H-pyrazol-5-yl)acetic acid;
2-(2-1sopropylphenyl)-9-(4-(pyrimidin-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-pyrazol-5-yl)benzyl)-7,9-dihydro-8H-purin-8-
one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-imidazol-2-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
9-(4-(1,4-dimethyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
9-((2'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
9-((3'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
9-((4'-(2-(dimethylamino)ethoxy)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
9-((4'-(2-(dimethylamino)ethyl)-[1,1'-biphenyl]-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(6-morpholinopyrimidin-4-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-imidazol-5-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
9-(4-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-3-yl)benzyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;

9-(4-([1,2,4]triazolo[1,5-a]pyridin-5-yl)benzyl)-2-(2-i1sopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
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9-(4-(benzo[d]isoxazol-7-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-indazol-7-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-
one;
9-(4-(imidazo[1,2-a]pyridin-8-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
8H-purin-8-one;
9-(4-(imidazo[1,2-a]pyridin-5-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-imidazol-4-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-1,2,4-triazol-3-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(1-methyl-1H-imidazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-
one;
2-(2-1sopropylphenyl)-9-(4-(1-methyl-1H-1,2,4-triazol-3-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1-isopropyl-1H-imidazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1,2-dimethyl-1H-imidazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-isopropyl-1H-imidazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
3-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-
1-methyl-1H-1,2,4-triazole-5-carboxamide;

9-(4-(1,5-dimethyl-1H-1,2,4-triazol-3-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
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2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-5-(trifluoromethyl)-1H-1,2,4-triazol-3-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(5-methoxy-1-methyl-1H-1,2,4-triazol-3-yl)benzyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-5-morpholino-1H-1,2,4-triazol-3-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-isopropyl-1H-pyrazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
8H-purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-1,2,3-triazol-5-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-([1,2,4]triazolo[4,3-a]pyridin-3-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-methyl-1H-1,2,3-triazol-4-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(5-(hydroxymethyl)-1-methyl-1H-imidazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
9-(4-(imidazo[1,2-a]pyrazin-8-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-
8H-purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(4-methyloxazol-2-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(imidazo[1,2-a]pyrazin-8-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;

2-(2-1sopropylphenyl)-9-(4-(1-methyl-5-morpholino-1H-1,2,4-triazol-3-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
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2-(2-isopropylphenyl)-9-(4-(1-methyl-5-(trifluoromethyl)-1H-1,2,4-triazol-3-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(1,5-dimethyl-1H-1,2,4-triazol-3-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(5-methoxy- 1-methyl-1H-1,2,4-triazol-3-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(5-(hydroxymethyl)-1-methyl-1H-imidazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(1-methyl-1H-1,2,3-triazol-5-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1-isopropyl-1H-pyrazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
8-one;
2-(2-1sopropylphenyl)-9-(4-(5-methylthiazol-4-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(2,5-dimethylthiazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-
one;
9-(4-(5-(hydroxymethyl)thiazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-7-methyl-9-(4-(5-methylthiazol-4-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(2,5-dimethylthiazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(5-(hydroxymethyl)thiazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(6-methylimidazo[1,2-a]pyrazin-8-yl)benzyl)-7,9-dihydro-

8H-purin-8-one;
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9-(4-(1,4-dimethyl-1H-imidazol-2-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(1-methyl-1H-imidazol-4-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
(R)-2-(2-1sopropylphenyl)-9-(1-(4-(1-methyl-1H-imidazol-2-yl)phenyl)ethyl)-7,9-
dihydro-8H-purin-8-one;
(S)-2-(2-isopropylphenyl)-9-(1-(4-(1-methyl-1H-imidazol-2-yl)phenyl)ethyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(methylamino)pyridin-
3-y1)-7,9-dihydro-8H-purin-8-one;
2-(2-(ethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(isopropylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(cyclopropylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-((2-ethoxyethyl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(cyclobutylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-((1-methoxypropan-2-yl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
N,N-dimethyl-2-((3-(9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-8-
0x0-8,9-dihydro-7H-purin-2-yl)pyridin-2-yl)amino)acetamide;

(R)-2-(2-((1-methoxypropan-2-yl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-
(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
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9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(((tetrahydrofuran-2-
yl)methyl)amino)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-((tetrahydro-2H-
pyran-4-yl)amino)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
(S)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-2-(2-((tetrahydrofuran-
3-yl)amino)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-(dimethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(diethylamino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(pyrrolidin-1-
yDpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(piperidin- 1 -
yl)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-((2-methoxyethyl)(methyl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(4-methylpiperazin-1-
yDpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(4-
(trifluoromethyl)piperidin-1-yl)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-(isopropyl(methyl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(ethyl(methyl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-(methyl(2,2,2-trifluoroethyl)amino)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-
1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
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9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-morpholinopyridin-3-
y1)-7,9-dihydro-8H-purin-8-one;
2-(2-(3-fluoroazetidin-1-yl)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(azetidin-1-yl)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(3,3-difluoroazetidin-1-yl)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(3-
(trifluoromethyl)azetidin-1-yl)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
9-(4-(4-(2-aminopropan-2-yl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(4-((dimethylamino)methyl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(4-phenyl-1H-1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(4-(4-methoxyphenyl)-1H-1,2,3-triazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(4-(2-hydroxyethyl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(4-cyclopropyl-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(4-(methoxymethyl)-1H-1,2,3-triazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
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9-(4-(4-((diethylamino)methyl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
(R)-9-(4-(4-(1-hydroxyethyl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(4-(3-aminopentan-3-yl)-1H-1,2,3-triazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(4-(pyridin-2-yl)-1H-1,2,3-triazol-1-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(4-((methylsulfonyl)methyl)-1H-1,2,3-triazol-1-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-
methylbenzamide;
4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-
methoxyethyl)benzamide;
N-cyclopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;
N-(4-fluorobenzyl)-4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;
4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N,N-
dimethylbenzamide;
N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;
N-isobutyl-4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;

N-cyclopentyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;
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4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(1-
phenylcyclopentyl)benzamide;
4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-((1-methyl-1H-
imidazol-2-yl)methyl)benzamide;
4-((2-(2-1sopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-((1-methyl-1H-
pyrazol-4-yl)methyl)benzamide;
N,N-diethyl-4-((2-(2-1sopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;
2-(2-1sopropylphenyl)-9-(4-(morpholine-4-carbonyl)benzyl)-7,9-dihydro-8H-purin-8-one;
N-cyclohexyl-4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-
methylbenzamide;

N-(4-fluorobenzyl)-4-((2-(2-isopropylphenyl)-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)-
N-methylbenzamide;

2-(2-isopropylphenyl)-9-(4-(4-methylpiperidine- 1-carbonyl)benzyl)-7,9-dihydro-8H-
purin-8-one;
4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-methyl-N-
(tetrahydro-2H-pyran-4-yl)benzamide;
2-(2-1sopropylphenyl)-9-(4-(3-(methoxymethyl)piperidine-1-carbonyl)benzyl)-7,9-
dihydro-8H-purin-8-one;
(R)-2-(2-isopropylphenyl)-9-(4-(2-methylpyrrolidine-1-carbonyl)benzyl)-7,9-dihydro-
8H-purin-8-one;
N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-purin-9-yl )methyl)-N-(2-
methoxyethyl)benzamide;
4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-methyl-N-((2-
methylthiazol-4-yl)methyl)benzamide;

4-((2-(2-1sopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-(1-methyl-1H-

imidazol-2-yl)benzamide;
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N-ethyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-

methylbenzamide;

4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-methyl-N-

propylbenzamide;

N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-

methylbenzamide;

N-(2-hydroxyethyl)-4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-

N-methylbenzamide;
9-(4-(3-hydroxyazetidine-1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
(S)-9-(4-(3-hydroxypyrrolidine-1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one;
N-cyclopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-
methylbenzamide;
N-(2-(dimethylamino)-2-oxoethyl)-4-((2-(2-isopropylphenyl)-8-0x0-7,8-dihydro-9H-
purin-9-yl)methyl)-N-methylbenzamide;
4-((2-(2-1sopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-(oxetan-3-
yl)benzamide;
(S)-9-(4-(2-(hydroxymethyl)pyrrolidine-1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(4-acetylpiperazine- 1 -carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
(S)-2-(2-1sopropylphenyl)-9-(4-(3-(2-methoxyethoxy)pyrrolidine-1-carbonyl)benzyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-((2R,6S)-2,6-dimethylmorpholine-4-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
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9-(4-(3-fluoroazetidine-1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-

8-one;

N-((1R,25)-2-hydroxycyclopentyl)-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-
purin-9-yl)methyl)benzamide;

9-(4-(4,4-difluoropiperidine- 1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(pyrrolidine-1-carbonyl)benzyl)-7,9-dihydro-8 H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(2-methylpyrrolidine-1-carbonyl)benzyl)-7,9-dihydro-8H-
purin-8-one;

4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(1-
(methoxymethyl)cyclopropyl)-N-methylbenzamide;

9-(4-(3,3-difluoropyrrolidine- 1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(5-oxa-2-azaspiro[3.4]octane-2-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(6-oxa-2-azaspiro[3.4]octane-2-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

(S)-2-(2-isopropylphenyl)-9-(4-(2-methylpyrrolidine- 1-carbonyl)benzyl)-7,9-dihydro-8H-
purin-8-one;

(S)-2-(2-isopropylphenyl)-9-(4-(2-(methoxymethyl)pyrrolidine- 1-carbonyl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(2-ethylpiperidine-1-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-
8-one;

2-(2-1sopropylphenyl)-9-(4-(2-methylpiperidine- 1-carbonyl)benzyl)-7,9-dihydro-8H-
purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(3-methylpiperidine-1-carbonyl)benzyl)-7,9-dihydro-8H-

purin-8-one;
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2-(2-isopropylphenyl)-9-(4-(2-(methoxymethyl)piperidine-1-carbonyl)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(3-methoxypiperidine- 1-carbonyl)benzyl)-7,9-dihydro-8H-
purin-8-one;
4-((2-(2-isopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)-N-methyl-N-
(tetrahydrofuran-3-yl)benzamide;
(R)-2-(2-1sopropylphenyl)-9-(4-(2-(methoxymethyl)pyrrolidine- 1-carbonyl)benzyl)-7,9-
dihydro-8H-purin-8-one;
(R)-2-(2-1sopropylphenyl)-9-(4-(3-methylmorpholine-4-carbonyl)benzyl)-7,9-dihydro-
8H-purin-8-one;
(S)-2-(2-isopropylphenyl)-9-(4-(3-methylmorpholine-4-carbonyl)benzyl)-7,9-dihydro-
8H-purin-8-one;
4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-methyl-N-(2,2,2-
trifluoroethyl)benzamide;

4-((2-(2-isopropylphenyl)-8-oxo0-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-
methoxyethyl)-N-methylbenzamide;

N-(2-(dimethylamino)ethyl)-4-((2-(2-1sopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzamide;

4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(piperidin-1-
yDethyl)benzamide;

2-(2-isopropylphenyl)-9-(4-(4-methylpiperazine-1-carbonyl)benzyl)-7,9-dihydro-8H-

purin-8-one;

9-(4-(2-oxa-5-azaspiro[3.4]octane-5-carbonyl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-methoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
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9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-propoxypyridin-3-yl)-
7,9-dihydro-8H-purin-8-one;
2-(2-(cyclopropylmethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(2-ethoxyethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(sec-butoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-((1,1,1-
trifluoropropan-2-yl)oxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
2-(2-cyclobutoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-cyclopropoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-ethoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;
2-(2-isobutoxypyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(2-methoxyethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-((tetrahydrofuran-2-
ylD)methoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;

9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-((tetrahydrofuran-3-
yl)methoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
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2-(2-(3-methoxybutoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-(pentan-3-
yloxy)pyridin-3-yl)-7,9-dihydro-8 H-purin-8-one;
2-(2-((1-methoxybutan-2-yl)oxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(2-(dimethylamino)ethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylphenyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(3-(piperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-isopropylphenyl)-9-(4-(3-(piperazin-1-yl)-1H-pyrazol-1-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-7-methyl-9-(4-(3-(piperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(3-fluoro-2-isopropylphenyl)-9-(4-(3-(piperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
2-(2-isopropylpyridin-3-yl)-9-(4-(3-(piperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-(azetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylpyridin-3-yl)-9-(4-(1-(1-methylazetidin-3-yl)-4-(trifluoromethyl)- 1 H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(3-(1-methylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
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2-(2-isopropylphenyl)-9-(4-(3-(1-methylpyrrolidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(3-fluoro-2-isopropylphenyl)-9-(4-(3-(1-methylpiperidin-4-yl)-1H-pyrazol-1-
ylbenzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylpyridin-3-yl)-9-(4-(3-(1-methylpiperidin-4-yl)- 1H-pyrazol- 1-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;

9-(4-(3-(1-methylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(3-(1-methylpiperidin-3-yl)-1H-pyrazol-1-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(1-methylpiperidin-4-yl)- 1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(1-methyl-5-(1-methylpiperidin-4-yl)- 1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(1-(1-methylazetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-
2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-7-methyl-9-(4-(1-(1-methylazetidin-3-yl)-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-((1-(pyridin-3-ylsulfonyl)piperidin-4-yl)methyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-((1-(isopropylsulfonyl)piperidin-4-yl)methyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-7-methyl-9-((1-((1-methyl- 1H-imidazol-2-yl)sulfonyl)piperidin-4-
yDmethyl)-7,9-dihydro-8H-purin-8-one;

N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1-methyl-1H-pyrazole-3-sulfonamide;
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N-(4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1-methyl-1H-imidazole-2-sulfonamide;
N-(4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1,2-dimethyl-1H-imidazole-4-sulfonamide;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N,1-dimethyl-1H-pyrazole-3-sulfonamide;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N,1-dimethyl-1H-imidazole-2-sulfonamide;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N,1,2-trimethyl-1H-imidazole-4-sulfonamide;
N-(4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N-methylmethanesulfonamide;
9-((1-(cyclopropylsulfonyl)-4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-((1-(cyclopropylsulfonyl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one;
9-((1-isobutyrylpiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(3-(1-acetylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(3-(1-acetylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-2-(3-fluoro-2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(3-(1-acetylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(3-(1-acetylpiperidin-4-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-(2,2,2-
trifluoroethoxy)pyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
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9-(4-(3-(1-acetylpyrrolidin-3-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(3-(1-acetylpiperidin-3-yl)-1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1,3-dimethyl-1H-pyrazole-5-carboxamide;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N,5-dimethyl-1H-pyrazole-3-carboxamide;
N-(4-((2-(2-1sopropylphenyl)-7-methyl-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-N,1,3-trimethyl-1H-pyrazole-5-carboxamide;
9-(4-(4-(1-acetylpiperidin-4-yl)-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(5-(1-acetylpiperidin-4-yl)-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-
isopropylphenyl)-7,9-dihydro-8H-purin-8-one;

9-(4-(3-(1-acetylpiperidin-4-yl)- 1H-pyrazol-1-yl)benzyl)-2-(2-fluoro-6-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-((4-fluoro-1-isobutyrylpiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1-(1-acetylazetidin-3-yl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-(1-acetylazetidin-3-yl)-4-(trifluoromethyl)- 1H-imidazol-2-yl)benzyl)-2-(2-
isopropylpyridin-3-yl)-7,9-dihydro-8H-purin-8-one;
N-isopropyl-4-((2-(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)piperidine-1-carboxamide;

N-cyclopropyl-4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-purin-9-

yl)methyl)piperidine-1-carboxamide;
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4-(1-(4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1H-
pyrazol-3-yl)-N-methylpiperidine-1-carboxamide;

1-isopropyl-3-(4-((2-(2-isopropylphenyl)-7-methyl-8-oxo0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)urea;

1-(4-((2-(2-1sopropylphenyl)-7-methyl-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-
3-(2-methoxyethyl)urea;

1-cyclopropyl-3-(4-((2-(2-isopropylphenyl)-7-methyl-8-oxo0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)urea;

3-isopropyl-1-(4-((2-(2-isopropylphenyl)-7-methyl-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1-methylurea;

1-(4-((2-(2-isopropylphenyl)-7-methyl-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-
3-(2-methoxyethyl)-1-methylurea;

3-cyclopropyl-1-(4-((2-(2-isopropylphenyl)-7-methyl-8-0x0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1-methylurea;

4-fluoro-N-isopropyl-4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)piperidine-1-carboxamide;

9-(4-((cyclopropylmethyl)amino)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-

8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-((2-methoxyethyl)amino)benzyl)-7-methyl-7,9-dihydro-8H-

purin-8-one;

9-(4-((cyclopropylmethyl)(methyl)amino)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-((2-methoxyethyl)(methyl)amino)benzyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

9-((1-(1,3,4-thiadiazol-2-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
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2-(2-isopropylphenyl)-7-methyl-9-((1-(pyrimidin-2-yl)piperidin-4-yl)methyl)-7,9-
dihydro-8H-purin-8-one;
9-((1-(2,5-dimethylthiazol-4-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-methyl-
7,9-dihydro-8H-purin-8-one;
9-(4-(1-ethyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1-isopropyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

2-(2-1sopropylphenyl)-9-(4-(1-(2-methoxyethyl)- 1H-imidazol-2-yl)benzyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-7-methyl-9-(4-(1-(piperidin-4-yl)- 1H-imidazol-2-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-(difluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-
dihydro-8H-purin-8-one;
9-((1-(1,4-dimethyl-1H-imidazol-2-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
2-(2-1sopropylphenyl)-9-((1-(4-(trifluoromethyl)pyrimidin-2-yl)azetidin-3-yl)methyl)-
7,9-dihydro-8H-purin-8-one;
1-(4-((2-(2-isopropylphenyl)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-N,N,5-
trimethyl-1H-pyrazole-3-carboxamide;
1-(4-((2-(2-cyclopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-N,N,5-
trimethyl- 1H-pyrazole-3-carboxamide;
9-((4-fluoro-1-(pyridin-3-yl)piperidin-4-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-
8H-purin-8-one;

9-(4-(1-(2-hydroxyethyl)-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-
1sopropylphenyl)-7,9-dihydro-8H-purin-8-one;
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7-ethyl-2-(2-isopropylpyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;

9-((5-(1H-pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;

9-((5-(1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-

purin-8-one;

9-((5-(3,5-dimethyl-1H-pyrazol-1-yl)pyrazin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

9-((5-(3,5-dimethyl-1H-pyrazol-1-yl)pyrimidin-2-yl)methyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;

2-(2-isopropylphenyl)-9-(4-(2-oxopyrrolidin-1-yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-tetrazol-5-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
9-((1-(2,5-dimethylthiazol-4-yl)-4-fluoropiperidin-4-yl)methyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(4-cyclopropyl-1-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylpyridin-3-yl)-7-
methyl-7,9-dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-isopropylpyridin-4-yl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-isopropylpyridin-2-yl)-7-methyl-7,9-dihydro-8H-
purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(1-(2-methoxyethyl)-1H-pyrazol-4-yl)benzyl)-7,9-dihydro-
8H-purin-8-one;
2-(2-1sopropylphenyl)-9-(4-(1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl)benzyl)-7,9-
dihydro-8H-purin-8-one;

9-(4-(1-(2-(dimethylamino)ethyl)- 1H-pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
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9-(4-(1-(2-(dimethylamino)ethyl)-1H-1,2,3-triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-
7,9-dihydro-8H-purin-8-one;
9-(4-(1-(2-hydroxyethyl)-1H-1,2,3-triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(2H-1,2,3-triazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
methyl 2-(9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-yl)benzyl)-8-0x0-8,9-
dihydro-7H-purin-2-yl)benzoate;
2-(2-(2-hydroxypropan-2-yl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
2-(2-(1-hydroxycyclopropyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-2-(2-propionylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-(2-hydroxypropan-2-yl)phenyl)-7,9-dihydro-8H-
purin-8-one;
9-(4-(1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7-methyl-7,9-dihydro-8H-purin-8-
one;
2-(9-(4-(1H-pyrazol-1-yl)benzyl)-2-(2-isopropylphenyl)-8-oxo-8,9-dihydro-7H-purin-7-
yl)propanoic acid;
2-(2-(difluoromethoxy)pyridin-3-yl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yDbenzyl)-6-(methylamino)-7,9-dihydro-8 H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-6-
(methylamino)-7,9-dihydro-8H-purin-8-one;
6-(dimethylamino)-2-(2-isopropylphenyl)-9-(4-(1-methyl-4-(trifluoromethyl)-1H-
imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one;

6-acetyl-2-(2-isopropylphenyl)-9-(4-(1-met;hyl-4-(trifluoromethyl)-1H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one;
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10.

2-(2-isopropylphenyl)-6-methoxy-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
ylhbenzyl)-7,9-dihydro-8H-purin-8-one;
9-(4-(1-isopropyl-5-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
9-(4-(1-isopropyl-4-methyl-1H-imidazol-2-yl)benzyl)-2-(2-isopropylphenyl)-7,9-
dihydro-8H-purin-8-one;
N-(2-(4-((2-(2-1sopropylphenyl)-8-0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-1-
methyl-1H-imidazol-4-yl)acetamide;
9-(4-(1H-pyrazol-4-yl)benzyl)-2-(2-isopropylphenyl)-7,9-dihydro-8H-purin-8-one;
2-(2-isopropylphenyl)-9-(4-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)benzyl)-7,9-dihydro-8H-
purin-8-one;
2-(4-((2-(2-isopropylphenyl)-7-methyl-8-o0x0-7,8-dihydro-9H-purin-9-yl)methyl)phenyl)-
1-methyl-1H-imidazole-4-carbonitrile;
2-(2-cyclopropylphenyl)-9-(4-(5-(hydroxymethyl)-3-methyl-1H-pyrazol-1-yl)benzyl)-
7,9-dihydro-8H-purin-8-one;

methyl 4-(1-(4-((2-(2-1sopropylphenyl)-8-ox0-7,8-dihydro-9H-purin-9-
yl)methyl)phenyl)-1H-pyrazol-3-yl)piperidine-1-carboxylate; and

2-(2-(1-hydroxyethyl)phenyl)-9-(4-(1-methyl-4-(trifluoromethyl)- 1 H-imidazol-2-
yl)benzyl)-7,9-dihydro-8H-purin-8-one.

A pharmaceutical composition comprising, a compound of claim 1, and a

pharmaceutically acceptable carrier.

The compound of claim 8, wherein the compound is 2-(2-isopropylphenyl)-9-(4-(1-

methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one.

11.

A pharmaceutical composition comprising, a compound of claim 10, and a

pharmaceutically acceptable carrier.
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12. The compound of claim 8, wherein the compound is 2-(3-fluoro-2-isopropylphenyl)-9-(4-
(1-methyl-4-(trifluoromethyl)-1H-imidazol-2-yl)benzyl)-7,9-dihydro-8H-purin-8-one.

13. The compound of claim 8, wherein the compound is 9-(4-(1H-pyrazol-1-yl)benzyl)-2-(3-
fluoro-2-isopropylphenyl)-7-methyl-7,9-dihydro-8 H-purin-8-one.
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